


JPRS-JST-95-021 
11 April 1995 


INFORMATION 
SERVICE 


























IPRS Report— 





Science & 
Technology 


Japan 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners 













































































Science & Technology 
Japan 
JPRS-JST-95-021 CONTENTS 11 April 1995 
ADVANCED MATERIALS 
STA’s NRIM Develops Super-Thin Metallic Film Separation Technology 
[NIKKEI SANGYO SHIMBUN 6 Feb 95] ....s.scscsscsssscsssssssscssscscsecsssssecssssessscsesesssesesesescesesesecsseees | 
UK, Japan To Jointly Develop Third Generation Nickel Based Heat Resistant Alloy 
[KAGAKU KOGYO NIPPO 30 Jan 95] 1 
Nagoya University Develops Memory Molecule /NIKKEI SANGYO SHIMBUN 30 Jan 95] .........0s00000 2 
MITI’s Atom Technology Research Group Controls Crystal Structure by Slight Change in angus 
Field /NIHON KEIZAI SHIMBUN 6 Feb 95] .. 2 
NTT Develops Ultrafine Helical Structure Silicon Atoms [NIKKEI SANGYO SHIMBUN 1! Feb 95] 4... 3 
Tohoku University Develops C,, Thin Film on GaAs /NIKKAN KOGYO SHIMBUN 27 Jan 95] .. 4 
AEROSPACE 
Space Research in Japan 1994 /SCIENCE COUNCIL OF JAPAN Jul 94] ...c.cccccscsssscssessssssssesceeceeseecscsesees 5 
ENERGY 
Geothermal Power Generation Activities in Japan [Hiroyuki Maki; JAPAN 21ST 1 Mar 95] ...........0000+ 29 
Development of Hot Water Power Generation Plants and Other Facilities 
[Kunio Ishibashi; JAPAN 21ST 1 Mar 95] ....ccccccccscsssssessesscesscessessssscesssccesseeccsseseeesscescensesssessesesscennenseneeceees 35 
NEDO Projects To Develop Geothermal Energy Resources /Yuichi Ebita; JAPAN 21ST | Mar a) ee 39 
Developing Technology for Non-Utilized Geothermal Resources 
[Michio Kuriyagawa; JAPAN 21ST 1 Marr 95] ......:.ccsscssccsssssssccesscssssscscccsssencsessecsscsecssssessesecsensenes 45 
GERD’s Geothermal Energy Development Programs [Shinji Takasugi; JAPAN 21ST 1 Mar 95] ......000 52 
JMC Working To Develop Geothermal Resources /Akio Takimoto; JAPAN 21ST 1 Mar 95] ........0.0000+ 53 
Tohoku Electric’s Geothermal Resource Development Projects 
[Minoru Morikuni; JAPAN 21ST 1 Marr 95] ......cccccsscsssssescsscccsssssccscsssessesscescsssessessssensensenssssseseeccensensensecesees 54 
Kyushu Electric’s Geothermal Power Generation Projects [Norihiko Oka; JAPAN 21ST I Mar 95] ....... 56 
TELECOMMUNICATIONS 
Multimedia Wireless Communication System Using Personal Handy Phone System 
[Y. Tanaka, J. Takechi, et al: NATIONAL TECHNICAL REPORT Dec 94] 59 
DEFENSE INDUSTRIES 
Professor on Security Through Defense Technology 
[Megumu Sunagawa; BOEI GIJUTSU JANARU May 94] 67 
Company Executive on Inspiration for Defense Technology 
[Takeshi Abe; BOEI GIJUTSU JANARU Jun 94] ......csccccse0 : 68 
Current Status and Future Prospect for FSX 
[Yoshihira Masuda Interview; NIKKEI SANGYO SHIMBUN 25 Jan 95] : 68 
Editorial: What Is To Be Expected From FSX Development 
[NIKKAN KOGYO SHIMBUN 23 Jan 95] 70 
Problems Piled for FSX Mass Production /NIKKEI/ SANGYO SHIMBUN 13 Jan 95) 70 
First FSX Rollout by MHI /NIKKAN KOGYO SHIMBUN !3 Jan 95] 71 





FSX Second Round Toward Mass Production /NIKKAN KOGYO SHIMBUN 13 Jan 95] 71 











JPRS-JST-95-021 
11 April 1995 


STA’s NRIM Develops Super-Thin Metallic Film 
Separation Technology 


95FE0305A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 6 Feb 95 p 5 


[FBIS Translated Text] The National Research Institute 
for Metals (NRIM) of the STA developed the technology 
to make super thin metal films having thicknesses from 
several atomic layers to several tens of atomic layers in 
super-high vacuum. Another type of metal film is vapor 
deposited on a metal substrate in super high vacuum; 
then when it is heated, the metal of the substrate natu- 
rally shifts into the metal film and separates on the 
surface of the film. This phenomenon was discovered by 
this institute and the production of super thin films such 
as titanium, copper, niobium was successful before now. 
Their use in high capacity electron sources to discharge 
electrons when voltage is applied, micro vacuum tubes, 
and sensors can be expected. 


The research group worked with an extraction experi- 
ment for titanium super thin films. A thin film of 
niobium with a thickness of one micron (one thousandth 
of a micron) was vapor deposited on a titanium substrate 
in a state of very high level vacuum, | ten billionth 
pascals (pascal is a unit of air pressure, 1 atm is 100,000 
pascals). Next, when the substrate was heated to 500°C, 
the titanium atoms close to the substrate surface shifted 
into the niobium thin film and separated on the film 
surface and the super thin film of titanium was formed. 
This super thin film includes 20 percent niobium atoms 
and has a thickness of 5 nm (1 nm is one billionth of a 
meter). Also even if this thin film is artificially 
destroyed, the super thin film is formed again when it is 
reheated. 


With this same method, the research group successfully 
produced a niobium super thin film (niobium substrate 
and copper thin film) and a copper super thin film 
(copper substrate and titanium thin film). The thickness 
of these super thin films is about | nm and corresponds 
to several atomic layers. 


The metal surface in super high vacuum enters a state 
where there is no absorption of gas atoms such as oxygen 
and becomes such that the “surface free energy” inherent 
to the metal is not lost. When another type of metallic 
thin film is vapor deposited in this state, the research 
group believes that the metal of the substrate separates to 
the thin film surface in the case where all of the surface 
free energy becomes low. 


Research of the applications for super thin films is 
starting now, but their application as a high capacity 
electron source where electrons are discharged when 
voltage is applied can be expected. It appears that 
stabilization becomes higher than prior electron sources 
and there is a possibility that they can be applied in 
electron microscopes and various types of electron beam 
analysis devices. Also, attempts to develop micro 
vacuum tubes using fine finishing technology for semi- 
conductors are advancing, and usage in their electrodes 
is also considered. 
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UK, Japan To Jointly Develop Third Generation 
Nickel Based Heat Resistant Alloy 


95FE0305B Tokyo KAGAKU KOGYO NIPPO 
in Japanese 30 Jan 95 p 8 


[FBIS Translated Text] The STA National Research 
Institute for Metals (NRIM) will set about the develop- 
ment of a “third generation nickel based super heat 
resistant alloy” having heat resistance to nearly 1100°C 
by UK-Japanese joint research with Cambridge Univer- 
sity and Rolls-Royce. The objective is to develop new 
alloys using analysis technology like the alloy design 
program used for estimating the characteristics and 
organization of materials and the atom probe electric 
field ion microscope making possible observation at the 
atomic level. In new alloy development, it was decided to 
adopt actively the methods according to the new 
research field “computational materials science” to 
resolve the problems of materials science for which 
experiments and theoretical analysis are difficult with 
the command of high capacity computers. This joint 
research is at the starting stage with the response to the 
request for the cooperation of Cambridge University 
which has a strong interest in this field and Rolls-Royce 
which has the long-cherished desire to use the alloy 
design program of NRIM. Research is estimated to begin 
within the year. 


The attempt to predict and reproduce the properties and 
structure of materials after design with the use of high 
capacity computers is something that is handled by 
computational materials science. A design policy for the 
creation of new materials is being derived with this. 
Then, the new versions of the program will be returned 
to the company. 


And this company has actual results from research and 
development for heat resistant alloys used in machines, 
like blades for jet engines, and is accumulating ambitious 
experimental data. In the future, NRIM will raise the 
capacity of the alloy design program on the current 
experimental base and construct a program on a theoret- 
ical basis used for the analysis of atomic level properties. 


In the joint research, the aim is to change the composi- 
tion of an alloy based on nickel which has heat resistance 
closer to 1000°C and to develop new alloys. The begin- 
ning of the 1980s when alloys having heat resistance of 
1020°C were developed is called the “first generation,” 
and 1984-1986 when alloys with heat resistance further 
raised with the addition of rhenium in multiple elements 
(heat resistance 1050°C) were developed is called the 
“second generation.” In the third generation, the devel- 
opment goal is alloys with heat resistance surpassing 
those at 1100°C. NRIM is responsible for capacity 
testing at the laboratory level. An examination is being 
made for Rolls-Royce and Ishikawajima-Harima Heavy 
Industries (IHI) to perform application testing through 
actual production facilities. 
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Nagoya University Develops Memory Molecule 


95FE0305C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 30 Jan 95 p 5 


[FBIS Translated Text] The Nagoya University research 
group of Assistant Professor Mitsuru Sano developed a 
new material to record information with just one mole- 
cule. An oxidation reaction to capture electrons and a 
reduction reaction to add electrons are caused via a 
material (intermediate) in absolutely tle same state as 
normal; but since the paths of oxidation and reduction 
are completely different for this material, it is under- 
stood beforehand whether it is in the oxidized or reduced 
state if the intermediate is examined. High density 
recordings which are different from current recording 
media such as magnetic recording devices are theoreti- 
cally possible and are expected to become the basic 
technology to make “molecular recording elements” 
which are just a dream. 





Reductive state  Ry?*S-OSRy** 


tection Y idation 


Intermediate Ru?*S-OSRu* RuS-OSRu** 


state 
petecton a Oxidation 


Oxidative state  Ry*S-OSRu* 


Ru “Luthenium(+2 is bivalent, 
+3 is trivalent ion) 








S$: sulfur 0: oxygen 


Flow of the Oxidation-Reduction Reaction of the 
“Recording Molecule” Developed by Nagoya University 








This research is being performed as part of the indepen- 
dent individual research fostering operations (Pioneer- 
ing Research 21) advanced by the Research 
Development Corporation of Japan (JRDC). 


The molecule developed is called a sulfoxide luthenium 
chain and has two luthenium which are metal atoms 
inside. There are the reductive state where the two 
luthenium atoms become bivalent, the oxidative state 
where both become trivalent, and the intermediate state 
where one is bivalent and the other is trivalent. 


In the intermediate state considered, the combinations 
of the valency of the luthenium atoms are (2-3) and (3-2), 
but in the new material, that which is reduced from the 
oxidative state of (3-3) becomes the (2-3) intermediate 
state without fail and that which is oxidized from the 
reductive state of (2-2) becomes the (3-2) intermediate 
state without fail. 


Assistant Professor Sano compares this reaction to the 
Yamanote Line (circle train line in Tokyo) running only 
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clockwise. He explains that “if the reductive state is 
Sugamo Station in the north and the oxidative state is 
Shinagawa Station in the south, then Tokyo Station 
(east) and Shinjuku Station (west) correspond to the 
intermediate states; if the train (intermediate state 
observed) is at Tokyo Station, it is judged to have come 
from Sugamo and if it is at Shinjuku, it is judged to have 
been at Shina.awa recently.” 


It this material is set in the state where the intermediate 
is just made, the recording operation of oxidation (pos- 
itive applied voltage) reduction (negative applied 
voltage) is retained as information by just one molecule. 


A problem left in the recording is the change of an 
intermediate to correspond to “the Chuo line route 
(train line bisecting the Yamanote line circle) to make 
the short cut between Tokyo Station and Shinjuku 
Station” (Assistant Professor Sano), but that can be 
suppressed to an imperceptible level, about 1/10,000 of 
this reaction, by modifying the molecule. Regarding the 
wiring to apply voltag: to molecular storage elements 
and write in information, Assistant Professor Sano says 
that “we would like to resolve that by using optics.” 


MITI’s Atom Technology Research Group 
Controls a Structure by Slight Change in 
Magnetic Field 

95FE0305D Tokyo NIHON KEIZAI SHIMBUN 

in Japanese 6 Feb 95 p 17 


[FBIS Translated Text] In MITI’s Agency of Industrial 
Science and Technology (AIST), Atom Technology 
Research Group which is promoting the atomic and 
molecular limit operations project successfully changed 
the crystal structure of a material like a switch by slightly 
changing the strength of an external magnetic field. 
Before now it was known that change of the crystal 
structure could be controlled by temperature and pres- 
sure. However, with the discovery of the method to alter 
the crystal structure by changing the magnetic field, 
which uses almost no energy, the emergence of com- 
pletely new functional materials used as magnetic drive 
elements became possible. 


The research group led by Professor Yoshiaki Tokura, of 
the Tokyo University Physics Department and the Atom 
Technology Research Group, published the results in 
NATURE, an English science magazine. 


The new phenomenon occurred in a ceramic material of 
combined lanthanum-strontium-manganese-oxygen. 
This crystal has a structure with strontium or lanthanum 
inside a lattice made with oxygen and manganese. It is 
known that the form of the crystal is a rectangular 
parallelopiped (rhombic crystal) at low temperatures, 
but when the temperature rises, it has a phase change to 
a form like a squashed cube (rhombohedron). 


The team examined a correlation between the external 
magnetic field and the temperature where the phase 
change of the crystal occurs. Whereupon it was found 
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that the phase change temperature changes as much as 
50° at once with a change of the magnetic field of less 
than | tesla in a zone of about 2 tesla (tesla is a unit of 
magnetic fields). Therefore, the crystal structure can be 
switched if the strength of the magnetic field is raised or 
lowered even at a set temperature. 


Electrons appear to be the key to the new phenomenon. 
This material has a structure which resembles lantha- 
num-barium-copper-oxygen, which is famous as a high 
temperature superconductor, and electrons have a strong 
relationship to the magnetism and conductivity of the 
material. A slight change to the external magnetic field 
brings on a change to the crystal structure through the 
movement of electrons. 


Since resistance also changes when the crystal structure 
changes, “magnetic field change — resistance change” 
switching is also possible. Application as 2 semicon- 
ductor material is being considered. 


yd Develops Ultrafine Helical Structure Silicon 
toms 


95FE0305E Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese I Feb 95 p 5 


[FBIS Translated Text] The NTT Basic Research Lab 
disclosed their successful synthesis of a straight, right 
winding, helical polymer having a skeleton of silicon 
atoms. A nanometer (one billionth of a meter) sized helix 
winding only to the right and with equal diameter and 
pitch could be synthesized by processing the structure of 
an organic molecule combined with the silicon atoms. The 
natural world has helical polymers, such as proteins and 
genes, where the properties are changed greatly with the 
difference between right and left winding. If the new 
technology is generated, it will encourage research and 
development ia a broad range of fields such as medicine, 
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agricultural chemicals, food products, polymer chemistry, 
and semiconductor engineering. 
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NTT’s computer drawing of the icndiniinn helix 
(The dark color shows silicon atoms, the other color 
carbon atoms) 








A chemical compound called organic dichlorosilane 
becomes the basis of the helix; two organic molecules 
and two chlorine atoms attach to the silicon atom. This 
is dissolved in an organic solvent such as toluene and 
reacted with metallic sodium at 100°C. Then, the chlo- 
rine bonds with the sodium and separates from the 
silicon compound; the compounds chemically bond 
(polymerize) together; and optically active polysilane, a 
right winding helical polymer which is set straight, can 
be achieved naturally. 


When examined using optical analysis technology which 
was developed alongside this, the helix was right winding 
for all the material attained. 


The helix has organic molecules consisting of carbon and 
hydrogen bonding around the silicon atoms which are 
the skeleton; the diameter is 0.5 nm and pitch is 1 nm. By 
processing the structure of the organic molecules, mole- 
cules with lengths from 2 nm to 1000 nm could be 
synthesized. 


The research group processed the structure of the organic 
molecules in the same way and also succeeded in synthe- 
sizing left winding helical structures only. However, 
since these helices are still not straight, the synthesis 
technology will be improved in the future. 


Even molecules with the same structure have two types 
of structures like mirror images, such as right handed 
and left handed; compounds having greatly different 
properties depending on that are known. Since this 
helical polymer is thermally and chemically stable, it is 
expected to become a basic material for confirming the 
difference between left and right at this molecular level 
and developing a system for selective synthesis. Also, 
before now it has been difficult to make the silicon fine 
lines with widths of less than 1.2 nm using semicon- 
ductor processing, but since finer lines can be made 
using the new technology, it will encourage the develop- 
ment of new generation elements using quantum effects. 
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Tohoku University Develops C,, Thin Film on GaAs 


95FE0305F Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 27 Jan 95 p 7 


[FBIS Translated Text] Professor Toshio Sakurai et al. of 
the Tohoku University Metal Material Research Insti- 
tute successfully made the first thin film of carbon 
cage-type molecules (fullerene) “C,,” called “carbon 
soccerballs.” A C,. (110) face was grown for the first 
time on a gallium arsenide (001) face which is a crystal 
growth surface; this was also the first time for the 
realization of thin films other than the (111) face. This 
makes possible alternate lamination of the gallium ars- 
enide and C,, and greatly opens the way to application 
in devices. Fullerene research is getting worldwide atten- 
tion with the discovery of superconductivity, but the clue 
to application in devices has not yet been grasped and 
this is the major weak point, but with this, the avenues of 
research were widened at a stroke. 





5 


STM Image of C,, (110) Thin Film Grown on Gallium 
Arsenide (001) Face (the area enclosed in the square is 
the unit lattice) 
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This research was advanced jointly with Professor Hisa- 
nori Shinohara’s C,,. Refinement Group of Nagoya 
University. Professor Sakurai et al. already observed the 
surface crystal structure of a gallium arsenide substrate 
terminated with arsenic with a scanning tunneling 
microscope (STM) and confirmed the (001) face 
structure for the first time. 


In the 2x4 structure of this crystal face, rows against 
the atoms (dimer) of arsenic align periodically; here, 
the periodic atomic grooves are used in the growth of 
Co thin film. The interval of the dimer rows in the 
crystal face is 8 Angstroms; research was started with 
attention to the possibility that C,, with diameter 7.6 
Angstroms line up one-dimensionally in the groove of 
this interval. 

Actually, C5, was grown by vapor deposition on the 
gallium arsenide (001) face; that aspect was observed 
with STM. As a result, it was observed with STM that 
Co paired up in twos in the grooves between dimer rows 
and formed the first layer and the thin film of the C,, 
(110) face is grown after the second layer. 


The size of the unit of the (110) face was 14.5 x 10.7 
Angstroms. The first layer of C,, pairs becomes a buffer 
layer and appears to be connected to thin film formation 
after the second layer. 


In the past, C,, thin films could not be formed with just 
thin films of the C,, (111) face on the gallium arsenide 
(110) face which is a crystal cleavage plane. This is 
without the joints which are crystal cleavage planes and 
has thin film growth with bonds having weak van der 
Waals forces; it is a structure like a rather flat place 
covered with pachinko balls (pinball balls). 

As for C,, thin film growth onto silicon before now, it is 
necessary to realize C,, thin film growth on crystal 
growth faces in order for actual application in devices. 
The gallium arsenide (001) face is a most usual crystal 
growth face and it appears that growth upon it can easily 
become devices such as quantum fine line structures. C,, 
has already been reported to have optical properties and 
it is expected to become the breakthrough for research 
with considering the applications. 
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Space Research in Japan 1994 


43070036A Tokyo SCIENCE COUNCIL OF JAPAN 
in English Jul 94 pp 1-39 


[FBIS Transcribed Text] 

Japanese National Committee on Space Research 
Kunio Hirao (Tokai University), Chairman 

Hisashi Hirabayashi (ISAS) 

Tadashi Hirayama (National Astronomical Observatory) 
Haruto Hirosawa (ISAS) 

Yoshihiro Ishizawa (NASDA) 


Susumu Kato (Japan-Indonesia Science and Technology 
Forum) 


Nobuhiko Kodaira (Remote Sensing Technology Center) 
Yutaka Kondo (Nagoya University) 

Isao Kudo (Agency of Industrial Science and Technology) 
Toshio Matsumoto (Nagoya University) 

Taro Matsuno (University of Tokyo) 

Hitoshi Mizutani (ISAS) 

Tadashi Mukai (Kobe University) 

Fumiaki Nagase (ISAS), Secretary 

Atsuhiro Nishida (ISAS), Secretary 

Toshihiro Ogawa (University of Tokyo) 

Tadanori Ondoh (Communications Research Laboratory) 
Hiroshi Oya (Tohoku University) 

Natsuo Sato (National Institute of Polar Research) 














Daiichiro Sugimoto (University of Tokyo) 
Satoru Watanabe (Nagoya University) 

Koji Yamamoto (Japan Meteorological Agency) 
Masamichi Yamashita (ISAS) 








1. Introduction 


This report is a summary of Japanese space activity from 
1992 to 1994. In spite of unfavorable economical situa- 
tions, space science projects in Japan have been well 
supported during this period. 


The Institute of Space and Astronautical Science, ISAS, 
organizes the scientific research in Japan in collabora- 
tion with scientists belonging to a large number of 
universities and research institutions. ISAS covers a 
wide area of space science and engineering, and it 
launches scientific satellites and interplanetary/ 
planetary probes by its own Mu series launchers, as well ASCA (ASTRO-D) 
as several types of sounding rockets from its Kagoshima 
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Space Center at Uchinoura and Andoya Rocket Range in 
Norway. It also conducts scientific ballooning from its 
Sanriku Balloon Center and sometimes from the above 
Kagoshima Space Center as well as from Alice Springs in 
Australia. 


The National Institute of Polar Research (NIPR) has been 
conducting space science campaigns at its antarctic Showa 
Station with sounding rockets and balloons, in collabora- 
tion with other organizations. NIPR has its own satellite 
telemetry station in Showa Station to receive the aer- 
onomy and magnetosphere data from both domestic and 
foreign satellites over the antarctic region. During this 
period, 1993, three polar patrol balloons were launched to 
encircle the antarctic continent. 


The Japan Meteorological Agency (JMA) conducted a 
series of routine meteorological rocket observations at its 
Ryori Meteorological Rocket Station. 


National Space Development Agency (NASDA) is 
responsible for developing and launching various appli- 
cation satellites and their launchers. Its launching site is 
located at Tanegashima Island. They have developed 
their own large launcher called H-II, launched success- 


fully in February 1994. 


In July 1992, ISAS launched the GEOTAIL spacecraft by 
a U.S. rocket from the Kennedy Space Center, dedicated 
for the international solar terrestrial program campaign, 
ISTP. GEOTAIL is working successfully in the far tail of 
the magnetosphere. Another scientific satellite called 
ASCA was also launched in February 1993 from the 
Kagoshima Space Center as the latest in the Japanese 
X-ray satellite series for high energy astrophysical 
research. Akebono and Yohkoh are still gathering large 
amounts of scientific Jata. 


The future scientific satellite programs, Muses-B (a space 
VLBI satellite), Lunar-A (Lunar mission spacecraft), 
Planet-B (Mars mission spacecraft) and Astro-E (X-ray 
astrophysical satellite) are progressing. 


Six sounding rockets from the Kagoshima Space Center, 
one sounding rocket from the Andoya in Norway, 13 
balloons from the Sanriku Balloon Center and two 
balloons from Alice Springs, Australia, were launched in 
the fiscal year 1992 and 1993 as part of the space science 


program of ISAS. 
2. Satellite Observations 


2.1 Overview 


In 1992 and 1993, two scientific satellites, GEOTAIL 
and ASCA, were launched. GEOTAIL is a mission to the 
distant magnetosphere and is a joint program of ISAS of 
Japan and NASA of the U.S. ASTRO-D (ASCA) is the 
fourth X-ray astronomy mission of ISAS and succeeds 
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ASTRO-C (GINGA). Preparatory study of the follow-up 
X-ray mission (ASTRO-E) is to be conducted in 
FY 1994. 


MUSES-B (HITEN) ended its mission on 1! April 1993, 
by crashing on the lunar surface precisely at the designed 
time and location. 

The test flight of the new launch vehicle, H-II, was 
successfully conducted in February, 1994, and this 
vehicle will be used for launching a number of satellites 
including SFU, GMS and ADEOS. 


Main results that were obtained from the ongoing mis- 
sions in 1992-1994 and the features of the approved 
mission are in the following Sections of this Chapter. 


2.2 Ongoing Missions 
2.2.1 ASTRO-D (ASCA) 


ASTRO-D, the fourth X-ray astronomy mission of ISAS, 
was launched on February 20, 1993, by the ISAS vehicle 
M-3SII into an approximately circular orbit of a 520-620 
km altitude and was named ASCA. The Japanese char- 
acters for ASCA mean “flying bird” and it is also an 
acronym for “Advanced Satellite for Cosmology and 
Astrophysics.” The spacecraft weighs 417 kg and is 
three-axis stabilized. The absolute pointing accuracy is 
approximately 10 arcseconds. 


ASCA is designed to be a high-capability X-ray observa- 
tory. It is equipped with nested thin-foil mirrors which 
provide a large effective area over a wide energy range 
from below | keV up to 12 keV. Two different types of 
detectors, CCD cameras and imaging gas scintillation 
proportional counters (IGSPC), are employed for the 
focal plane instruments. 


The key elements of ASCA were successfully turned on 
in orbit. The performance verifications and the test 
observations were carried out until October 1993 and the 
guest observations started after October. 


In the guest observation phase, observing time on ASCA 
is Open to competitive proposals. The observing time, 
after reserving approximately 5 percent as an “Observa- 
tory Time” for recalibrations/readjustments of the 
— or spacecraft subsystems, is apportioned as 


60 percent for Japanese investigations 
15 percent for U.S. investigations 
25 percent for Japan/US. collaborative investigations. 


ASCA operations are managed mainly by Japanese astron- 
omers at ISAS. They schedule observations, direct the 
satellite, collect the data and monitor the health of the 
spacecraft and its payload. Direct contact between the 
satellite and the ground stations is currently made for 10 of 
the 15 orbits per day on the average, five from ISAS 
Kagoshima Space Center and five from NASA Deep Space 
Network Stations (Madrid, Canberra and Goldstone). 
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Some of the early results which represent the scientific 
capabilities of ASCA are shown in the following. 


1) X-rays from SN1993J 


The supernova SN1993J appeared in the nearby galaxy 
M81 about 40 days after the launch of ASCA. This was 
similar to the case of Ginga in which the supernova 
SN1987A appeared in the Large Mageranic Cloud only 
18 days after tke launch. ASCA was pointed to the 
direction of M81 about one week after the discovery and 
detected X-rays from this supernova almost simulta- 
neously with ROSAT. This is the first detection of 
X-rays only one week after the explosion. 


The X-ray image obtained with ASCA is shown in Figure 
2.1. The image size of the X-ray telescope on board 
ASCA is approximately 3 arcminutes half- 
power-diameter. However, the strongly peaked point 
spread function allows us to separate two X-ray sources 
with angular distance as close as | arcminute from each 
other, as shown in Figure 2.1. An X-ray source at the 
position of the supernova, $N1993J, is clearly distin- 
guished from an X-ray source | arcminute separate from 
the supernova. 


2) Prominent emission lines from young supernova 
remnants 


Heavy elements in the universe are created in the cores 
of evolved massive stars and scatiered into interstellar 
space through supernova explosions. X-ray spectral 
observations of supernova remnants (SNRs) reveal how 
the heavy elements are transported from the core of the 
star to interstellar space via supernova explosions. 


The CCD cameras on board ASCA have outstanding 
spectral resolution and have enabled us to make finer 


spectroscopy of the SNRs than from previous experi- 
menis. Figure 2.2 is an X-ray spectrum obtained with the 
CCD camera from the supernova remnant W49B about 
a thousand years after the explosion. The Ka line and KB 
lines from helium-like ions and the Ka line from hydro- 
gen-like ions of Si and S, the Ka line from helium-like 
ions and the Ka line from hydrogen-like ions of Ar, Ca, 
and the Ka line from hydrogen-like ions of Fe are clearly 
distinguished. 


3) Deep surve v of weak sources 


One of the most important scientific objectives of X-ray 
astronomy is to resolve the origin of the cosmic X-ray 
background (CXB). The origin of the extragalactic iso- 
tropic component of the X-ray background is still not 
fully solved almost 30 years after its discovery. A simple 
solution is that the observed background flux is supplied 
by a collection of unresolved, weak point sources. The 
average spectral slope of sources observed so far in the 
flux range 10°'? - 10°'' erg cm’’s"' is, however, 0.7-0.8, 
while the spectral slope of the CXB is 0.4 in the 2-10 keV 
band. Hence, sources which have the spectral slope as 0.4 
or smaller should be observed more often in the flux 
range around 10°'* erg cms" than in the higher flux 
range. ASCA is the first X-ray astronomy satellite 
of detecting sources with flux around 10°'° erg 

cms in the 2-10 keV band. Figure 53 Geman 
such an ASCA capability. Two sources in Figure 2.3 both 
have flux of the order of 10°’? erg cm’’s"' in the 0.5-9.5 
keV band but one of the two is more prominent in the 
2.5-9.5 keV band than in the 0.5-2.5 keV band. The 
systematic survey of serendipitous sources in this flux 
range in the 2-10 keV band is in progress for many 
pointing observations performed so far. 
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Figure 2.2. X-ray Spectrum of the Supernova Remnant W49B Obtained With the SIS: Detector On Board ASCA. 





2.2.2 GEOTAIL 


The GEOTAIL spacecraft was s launched on 
July 24, 1992, by the Delta-II rocket from Cape Canav- 
eral, Florida, U.S. The main purpose of the GEOTAIL 
mission is to investigate mechanisms of input, storage, 

release and conversion of energy in the magnetotail. 

GEOTAIL carries seven onboard sets of scientific instru- 
ments, namely, a magnetometer, an electric field exper- 
iment, two sets of plasma instruments, two sets of 
high-energy particle instruments, and a plasma wave 
instrument. 


The initial orbit was a translunar orbit designed to 
swingby the moon at approximately 1,500 UT on Sep- 
tember 8, 1992, after 4.5 revolutions around the earth. 
The spacecraft was then injected into a double- 
lunar-swingby geotail orbit with apogee of 70 Re to 220 
Re (changing orbit-by-orbit) on the nightside, as shown 
in Figure 2.4. On this orbit, GEOTAIL has surveyed the 
important but previously unexplored regions of the 
magnetotail, as well as the dayside magnetopause and 
the bow shock when it was around perigee. In Fall 1994, 
the spacecraft will be maneuvered to a low-inclination 
orbit with perigee of 8 Re and apogee of 30 Re. 


Important results obtained from the GEOTAIL observa- 
tions are listed below. 


(1) Global structure of the distant magnetotail 


Although the average profile of the global shape and the 
magnetic field intensity in the lobe is generally consistent 


with those obtained previously by the ISEE-3 observa- 
tions, several important issues on the global structure of 
the distant magnetotail have been raised by the extensive 
GEOTAIL observations. They are the (a) large magni- 
tude of the magnetic field intensity in the distant tail 
during the storm time condition, (b) nearly persistent 
tailward plasma flow in the distant-tail plasma sheet 
regardless of the polarity of the northward/southward 
magnetic field component, (c) almost persistent presence 
of cold, dense plasma flowing tailward along the mag- 
netic field line in the distant tail lobe, (d) high correla- 
tion of the dawn/dusk component of the tail magnetic 
field with that of the interplanetary magnetic field, and 
(e) occasional appearance of the magnetosheath plasma 
even in the central region of the magnetotail. All of these 
features cannot be explained simply by the conventional 
model of the magnetotail and are under detailed study. 


(2) Acceleration and heating of the cold ion beam in the 
plasma sheet boundary layer 


GEOTAIL has frequently observed that cold ions are 
streaming tailward along magnetic field lines in the lobe 
region. The cold ions consist of protons and — 
deaptenan ions (occasionally) of ionospheric origi 
with nearly similar velocities of 50-200 km/s. " ~ 
notable feature is the energization of these ions in the 
plasma sheet boundary layer (PSBL). Upon entering the 
plasma sheet, these ions are heated and accelerated in the 
PSBL with a systematic change in the bulk flow direc- 
tion. The energization of these ions are at times observed 
to lead to a ring-shaped (or, shell-like, though very rarely) 
velocity distribution. 
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Figure 2.3. X-ray images of the North Ecliptic Pole region taken with the GIS on March 23-25, displayed on the 

52000 sky coordinate. The cross indicates the optical lecation of NGC6552. Panel (a) is in the 2.5-9.5 keV range, 

while panel (b) is in the 0.5-2.5 keV range. The source images have been smoothed but appear somewhat elongated 
due to the non axi-symmetric point spread function of the XRT. 





(3) Plasma distrib::tion functions in plasmoids 


Plasmoids are one of the important magnetotail signa- 
tures associated with magnetospheric substorms, and are 
considered to be a closed-loop magnetic field structure 
flowing tailward with hot plasmas, though the plasma 
(especially, ion) distribution functions have not been 
measured by previous spacecraft. GEOTAI!_ has, for the 
first time, obtained the three-dimensiona’ velocity dis- 
tribution functions of electrons and ion, siniultaneously 
and separately, with fine time resAution. Figure 2.5 
shows a schematic drawing of a plasmoid structure, 
based on the plasma and field observations from GEO- 
TAIL. The notable results are on the interactions of the 
fast flowing plasmoid with the ambient cold plasma in 
the lobe as well as with the stationary (or, carthward 
flowing) plasma. Velocity-dispersive signatures of elec- 
tron and ion beams preceding the arrival of the plasmoid 
are clearly identified as well. 


(4) Measurement of the electric field in the tail lobe by 
While the electric field is one of the elementary param- 
eters that characterizes the magnetospheric plasma, mea- 
surement of the electric field in the extremely tenuous 
plasma of the tail lobe is very difficult by the conven- 
tional probe method. GEOTAIL has employed a newly 
developed electron boomerang method in which the 
electric field can be derived from the time of flight of 
electrons of a few hundred eV emitted from the space- 
craft. The experiment is successfully yielding data on the 
electric field in the tail lobe. 

(5) Wave forms of plasma waves 


GEOTAIL observes the plasma waves both in the elec- 
tric and magnetic fields by the wave form capture mode 
in which the fields are measured with a sampling fre- 
quency of 12.5 kHz, and has revealed various new 
features of the wave characteristics. The most important 
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GEOTAIL Orbit September 1, 1992 ~ April 17, 1994 
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Figure 2.4. GEOTAIL trajectory in the modified GSM (Geecentric Solar Magnetosphere) coordinate for September 
1-Nevember 29, 1992. In the coordinate system, 4° of average solar wind aberration and 10 Re of hinging distance 
are assumed. 
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Figure 2.5. Schematic illustration of a plasmoid structure. 





is a result on the nature of broadband electrostatic noise, 
namely, that it is actually a burst occurrence of electro- 
static solitary signals. The generation mechanism is 
interpreted by comparison with computer simulations as 
coalescence of the Langmuir waves into an electrostatic 
potential structure. 


(6) Structure of the dayside magnetopause and the 
boundary layer 


Since the perigee is about 8 Re, GEOTAIL has skimmed 
the magnetopause and observed multiple crossings over 
intervals of two to five hours. Characteristic differences 
have been found in the structure depending on the 
polarity of the interplanetary magnetic field. Burst 
reconnection events are clearly identified from the 
plasma and field observations. Inside the magnetopause, 
wavy motions in the pc5 range have been observed such 
that the amplitude and polarization vary systematically 
with local time, suggesting the growth of these waves 
away from the nose region of the magnetopause. With 
regard to the structure of the low-latitude boundary 
layer, three-dimensional distribution functions of 
plasmas and the flow properties have revealed that the 
region consists of two regions with different plasma 
properties, the inner region being strongly affected by the 
connection with the ionosphere and the outer region 
consisting of openfield lines (at least, partially). 


2.2.3 SOLAR-A (YOHKOH) 


SOLAR-A, renamed Yohkoh (“sunbeam”) after its 
launch on 30 August 1991, is the 14th scientific satellite 


of ISAS and the second (after Hinotori) devoted to solar 
observations. Yohkoh observes high-energy radiation 
from the sun. The orbit is a typical low earth orbit with 
inclination 31.3 degrees and period 97 minutes, and an 
altitude sufficiently high to ensure an orbital lifetime of 
many years. Yohkoh weighs 390 kg and has body dimen- 
sions of 2 m (length) x 1 m x | m. Its power system 
generates 560W peak power and it stores data in an 80 
Mb bubble data recorder, transmitting telemetry both to 
Kagoshima Space Center and to NASA’s DSN sites to 
provide nearly continuous observational coverage. 
Yohkoh has three-axis attitude control with arc-second 
stability to support its high-resolution telescopes. 


The data are now available at the central ISAS data 
analysis facility, at investigator institutions in Japan, the 
U.S., and the UK, and (for all but the most recent year’s 
data), freely to the broader community. A complete array 
of analysis software is available and can be used for any 
of the scientific instruments in a standard database 
configuration. This analysis software package is rou- 
tinely supplied with the data to research workers. 
Yohkoh whole-sun images are also provided in nearly 
real time, on a daily basis, to various institutions inter- 
ested in forecasting solar activity. 

Yohkoh carries four scientific instruments, all of which 
have performed well and continue to return excellent 
data. The two primary facilities are telescopes for soft 
and hard X-rays, and two smaller instruments for spec- 
troscopy over a wide energy band, including high- 
resolution spectroscopy of X-ray emission lines. The soft 
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Figure 2.6. Direct observation of flare energy release in coronal 


reconnection. The figure shows hard X-ray 


magnetic 
contours (33-53 keV) from HXT superposed on a gray-scale image from SXT (2 keV); the line shows the location of 
the West limb of the sun. Hard X-ray contours are at 18, 25, 35, 50, and 71 percent of peak brightness; the image 
covers 32 x 32 SCT pixels (78.4 x78.4 arcsec). 





X-ray telescope consists of a grazing-incidence mirror 
and a CCD camera with 2.5 arc s pixels, and forms 
images at 1-2 keV effective photon energy, mostly radi- 
ated from solar plasmas in the temperature range 2-20 
million K. The hard X-ray telescope makes flare images 
in four energy bands, 15-100 keV, with time resolution 
0.5 s and spatial resolution about 5 arc s. It responds 
both to bremsstrahlung from non-thermal electrons, and 
also to “‘super-hot” sources formed during flaring. The 
other two instruments are a Bragg crystal spectrometer in 
a “bent” configuration, with four spectral bands 
(FeXXVI, FeXXV, CaXIX, and SXV), and a wide-band 
spectrometer array sensitive between a few keV and the 
gamma-ray band. 


Yohkoh was designed as a flare mission, and it has 
successfully observed a large number of major flares with 
all of its instruments. 


Among its discoveries we note dramatic evidence for 
magnetic reconnection in flares as well as in filament- 
activation events outside the sunspot regions. There are 
also many highly-collimated X-ray jets and an almost 
continuous swarm of well-observed microflares. The soft 
X-ray telescope permits direct remote-sensing observa- 
tion of plasma flows in these rapidly-varying plasmas, 


including links (coronal mass ejections) between the 
solar surface and the heliosphere. 


Figure 2.6 shows one of the more remarkable flare discov- 
eries: in a flare observed at the solar limb, extraordinarily 
bright hard X-ray was observed from the corona above the 
simultaneously-observed soft X-ray magnetic loop struc- 
tures. This radiation apparently reflects powerful energy 
release in the corona via magnetic reconnection. 


Meanwhile, the current cycle of solar activity apparently 
proceeded on an accelerated schedule, and by 1994 the 
level of activity had dropped to near-minimum levels. 
Nevertheless, the soft X-ray images continue to show 
complex and dramatic coronal magnetic activity, even 
though the solar X-ray luminosity has dropped by some 
two orders of magnitude over the first part of Yohkoh’s 
observing lifetime. The reduction in active regions and 
flares is making it possible to study the quiet corona 
more effectively, including the coronal holes responsible 
for a large part of the solar wind. By comparisons of 
Yohkoh coronal data (“ground truth”) and the Ulysses 
probe as it moves above the solar poles, we anticipate 


raajor new levels of understanding of the processes of 
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Figure 2.7. Trajectory of Ulysses projected onte the solar surface, overlaid on a soft X-ray image obtained by 
Yohkoh/SXT on August 26, 1992. The points represent the intersection of the line from the sun center to Ulysses 
with the photosphere of the visible hemisphere of the sun. Solid lines are for the front side, dotted lines for the invis- 
ible hemisphere. Points are one month apart, starting with the triangle at January 1, 1993, and ending with the dia- 
mond at January 1, 1997. The actual point of origin of the solar-wind flow to Ulysses depends on factors not included 
here, such as the solar wind velocity and the details of the coronal magnetic structure (as revealed in the soft X-ray 


image). 





coronal heating and solar wind formation. This will be a 
primary focus of Yohkoh research over the next two or 
three years. Figure 2.7 shows the Ulysses sub-satellite 
track on a typical Yohkoh solar image, illustrating the 
wide range of coronal features at the footpoint of the 
solar-wind flow. 


2.2.4 MUSES-A (HITEN) 


After successfully carrying out all missions, which 
included 10 times of lunar swingby, insertion of sub- 
satellite into lunar orbit, two times of the world’s first 
cis-lunar aerobraking, and the excursion to Lagrange 
points in Earth-Moon system, MUSES-A (Hiten), which 
had been launched on 24 January 1990, was inserted into 
an orbit around the moon on 15 February 1992. Though 
the first opportunity to insert Hiten itself into a lunar 
orbit after the aerobraking experiments was at the ninth 
swingby, a conventional Hohmann transfer and the 
insertion from a hyperbolic approaching orbit into an 
elliptic orbit around the moon would have required 
gradient of V of 240 m/sec, which obviously exceeded 


Hiten’s gradient of V capability of 130 m/sec at that 
moment. This, after studying a lot of trajectories, a very 
special trajectory was found, which would approach the 
moon with low relative velocity after accomplishing the 
L-points excursion by utilizing lunar gravity assists and 
perturbation force of the sun. Following this trajectory 
plan, Hiten encountered the moon at 22:33 (JST) on 15 
February 1992 with the perilune altitude of 422 km. At 
this encounter (S11), the spacecraft’s velocity relative to 
the moon was 2.162 km/sec, which was 159 m/sec lower 
than in the case of the ninth encounter (S9). Conse- 
quently, a deceleration maneuver of 81.53 m/sec at the 
closest approach point successfully inserted Hiten into 
an orbit around the moon. The apolune altitude of the 
first orbit was about 49,400 km. Figure 2.8 shows Hiten’s 
lunar orbit by the end of April 1992. 


Hiten’s lunar orbit was always perturbed by gravities of 
the sun and the earth, and it was predicted that the 
spacecraft would crash to the moon’s surface on 28 
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Figure 2.8. HITEN Lanar orbit 70 days after insertion. 








March 1993. The estimated impact point was unfortunately 
the back side of the moon. Then it was decided to use the 
last drops of fuel effectively to pinpoint the landing site on 
the front side of the moon and to make the spacecraft land 
while it was visible from UDSC. Two TCMs were carried 
out on 3 February and 30 March 1993 respectively. By the 
first gradient of V maneuver of 1.22 m/sec, the crash on 28 
March was evaded for the time being. When the spacecraft 
passed perilune at an altitude of 1,400 km on 30 March, the 
second gradient of V maneuver of 5.85 m/sec was executed 
to make the spacecraft hit the moon after three revolutions 
on this orbit perturbed by gravities of the sun and the earth, 
as shown in Figure 2.9. At 03:03:25.7 (JST) on 11 April 
1993, UDSC observed that every signal from the spacecraft 
suddenly ceased only 0.3 sec earlier than expected. As well 
as the impact time, the impact point at longitude 55.3 deg E 
and latitude 34.0 deg S, which was estimated from the last 
orbit determination, was quite close to the planned one. 





Y Earth Direction at the Impact 


| 

















Inertial Coordinate (MS0-EC) 
Figure 2.9. HITEN three orbit around the Moon. 
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Hiten had flown in the space of the Earth-Moon system 
for more than three years and its distance from the 
earth’s surface ranged from 120 km to 1,532,100 km. 
During its mission life, Hiten accomplished lunar 
swingby 10 times, aerobraking through the upper atmo- 
sphere of the earth two times, and about one year of 
orbiting around the moon. Only 42 kg of fuel had been 
expended through whole mission life. Thus, on 11 April 
1993, Hiten ended its life as a quite successful mission 
and the first envoy to the moon from Japan. 


2.2.5 EXOS-D (AKEBONO) 


Akebono is a polar orbiting satellite whose initial apogee, 
perigee, and inclination are approximately 10,500 km, 
270 km, and 75 degrees, respectively. The satellite was 
launched on February 22, 1989, from Kagoshima Space 
Center for the purpose of investigating the magneto- 
spheric phenomena associated with the acceleration of 
auroral particles. Akebono carries eight scientific instru- 
ments, namely magnetometer, electric field detector, low 
energy particle detector, suprathermal ion mass spec- 
trometer, thermal electron detector, VLF plasma wave 
detector, top side sounder and HF wave detector, and 
visible and ultraviolet auroral imager. In addition to 
these eight instruments, Akebono carries a radiation 
monitor which can be used as the ninth scientific instru- 
ment to observe the radiation belt particles. These sci- 
entific instruments are operated simultaneously in the 
high-latitude (> 60 invariant latitude) and some of the 
low energy plasma instruments are turned off in the 
lower latitude in order to protect them from high radia- 
tion belt fluxes. The data from Akebono are acquired at 
four ground stations: Kagoshima Space Center in Japan, 
Shawa in Antarctica, Prince Albert in Canada, and 
ESRANGE in Sweden. The operation period of Akebono 
has exceeded five years during which the average data 
coverage in the high latitude is about 70 percent. 


Important scientific achievements from the Akebono 
satellite are briefly introduced below: 


(1) Escape of ionospheric ions into the magnetosphere 


Measurements of suprathermal ions in the polar iono- 
sphere revealed new features of the magnetosphere ion- 
osphere coupling. Heavy molecular ions were often 
found escaping fron the ionosphere although their flux 
was less than 5 percent of the total flux. The statistical 
study of the ion conics indicated the existence of trans- 
verse acceleration over a wide altitude range. The com- 
parison of energy and angular distribution of various ion 
species at two altitudes along the same magnetic field 
line by the two satellites Akebono and DEI showed the 
existence of heating of oxygen ions in the low altitudes. 
All of this evidence suggests the importance of low 
attitude ion acceleration processes. 


(2) Cusp ion precipitation and plasma motion 


Due to the orbital inclination of 75 degrees, the Akebono 
orbit skims the polar cap boundary region and provides 
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Figure 2.10. UV auroral images obtained from AKEBONO. 
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good observations to study the plasma dynamics around 
the magnetopause. The ion precipitation near the day- 
side polar cap boundary are compared with the plasma 
flow deduced from the electric field data. When the 
plasma convection streamlines consists of two cells, the 
ion in the morning and evening sectors are generally 
considered as associated with anti-sunward convection, 
contradicting the generally accepted view. Akebono’s 
observations reveal that these ions are associated with 
the sunward flow, indicating that these ions did not 
originate from the cleft or the low latitude boundary 


layer. 


The observations near the cusp region provide us with 
information of the magnetopause. The electric field and 
the magnetic field near the cusp show large amplitude 
fluctuations. The analysis of these fluctuations measured 
by Akebono shows that they have propagated from the 
magnetopause by the Alfven mode wave. The precipi- 
tating ions near the cusp often show energy dispersion. 
This energy dispersion is understood by the well known 
“velocity filter effect.” Akebono observed a group of 
cusp-like ions, at higher latitude than the usual cusp ion 
observation, which cannot be understood by the velocity 
filter effect. 


(3) Substorm study 


The identification of the source region of auroral parti- 
cles and clarification of their acceleration mechanism are 
important objectives of the Akebono science team. Study 
of substorms, a sudden brightening of aurora, is most 
suited for this purpose and has been extensively carried 
out from the beginning of the project. The in situ 
measurements such as plasma flow velocity, energetic 
electron precipitation, upward flowing ion beams, and 
the distribution of field aligned current are combined 
with the UV image of aurora which provides an excellent 
context within which the in situ measurements are 
interpreted. 

From these studies many interesting results are found. 
Among them, findings of the particle acceleration by the 
upward field aligned electric field at high altitudes, the 
disagreement between the location of the auroral arc and 
the poleward boundary of the plasma sheet, and the new 
structure of the field aligned current pattern at the 
poleward of the well established one are important. 


(4) Plasmasphere 


The electron temperature up to 8,000 km has been 
measured by the electron temperature probe (TED) on 
board the Akebono satellite. From the five years data 
accumulated since the launch of Akebono in 1989, the 
thermal structure of the inner plasmasphere has been 
systematically studied with its dependencies on local 
time, latitude, and solar flux. These data are the first 
comprehensive in situ measurements of the electron 
temperature in the plasmasphere. Plasma density has 
been derived from the lower hybrid resonance frequency 
which is measured by the HF plasma wave instrument 
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on board the satellite. A remarkable decrease of the 
plasma density in the plasmasphere was often observed 
during magnetic storms. The refill process of the plas- 
masphere was complicated where large amplitude field- 
aligned density irregularities appeared. The wave normal 
direction of the omega signal measured by the low 
frequency plasma wave detector on board the satellite 
and the electron density measured along the satellite 
trajectory were combined with the ray tracing technique 
to construct a global plasma density model of the 
plasmasphere. 


The scientific instruments on board Akebono are 
healthy, though a trend of degradation is observed on 
some of the more sensitive detectors such as the CCDs 
and MCPs. Akebono will be operated for several more 
years and collaborative studies with GEOTAIL and 
other magnetospheric satellites will be carried out. Espe- 
cially, joint studies with GEOTAIL after lowering the 
apogee altitude are important to clarify the relation 
between the near tail phenomena and those in the polar 
ionosphere. A compact science database called “‘Ake- 
bono SDB” is being constructed on one of the ISAS 
workstations which can be accessed by the science 
community through network services. 


2.2.6 ASTRO-C (GINGA) 


The X-ray astronomy satellite Ginga, launched on Feb- 
ruary 5, 1987, reentered the atmosphere on November |, 
1991. The main instrument of Ginga, the large area 
proportional counters (LAC) which had been prepared in 
collaboration with the University of Leicester and 
Rutherford Appleton Laboratory in the UK, functioned 
normally throughout its life and observed 342 targets: 42 
quasars, 55 Seyfert galaxies, 9 BL Lac objects, 10 other 
AGNs, 43 cluster of galaxies, 17 galaxies, 80 binary 
sources, 25 supernova remnants, 30 cataclysmic vari- 
ables, 21 stars and 10 miscellaneous objects. 


The analysis of the data is still going on in Japan and in 
the UK. Visiting observers from European countries and 
the U.S. also participate in the analysis. The number of 
papers published in journals in 1992 and 1993 is 86 and 
that presented in conferences is 41. The total number of 
papers so far published in journals and in conferences 
are 238 and 256, respectively. The total number of 
dissertations generated from Ginga observations is 30: 
21 in Japan, 4 in the UK, 4 in the U.S., and | in The 
Netherlands. Notable results obtained in 1992 and 1993 
are following. 


(1) Simultaneous observations of X-rays with gamma-rays 
from 3C279 


X-rays from OVV quasar 3C279 were observed simulta- 
neously with EGRET on CGRO in June 1991. EGRET 
detected a large gamma-ray outburst during June 16-28, 
1991. The X-ray observations were conducted on June 
17-18, 1991. The wide band spectrum from radio 
through gamma-rays was obtained for the first time. The 
X-ray spectrum can be smoothly connected to the 
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gamma-ray spectrum with an index of about 1.7. The 
X-ray spectrum can be interpreted by a synchrotron 
self-Compton model. But, it has been shown that the 
SSC model did not reproduce the gamma-ray spectrum 
above 100 keV, even if relativistic motion of the jet was 
taken into account. 


(2) Discoveries of new X-ray pulsar and X-ray burster 


A new X-ray pulsar of 12.3s period, GS0834-430 and a 
new X-ray burster, GS0836-429 separated by 0.4 degree 
of each other, were discovered accidentally and simulta- 
neously. 


Both are transient sources and the pulsar are identical to 
the transient source MX0836-42, previously observed by 
OSO 7 in 1971. 


(3) Discoveries of pulsed iron line emission 


Intensity modulation of the iron line flux with pulse period 
were detected from Cen X-3 and Her X-1. The iron line 
emission is due to fluorescence by the cool matter. These 
discoveries suggest that the matter emitting the iron line is 
distributed in the vicinity of the central source; a possible 
site of the reprocessing is the Alfven surface. 


(4) Orbital period change in binary systems 


Orbital decay was observed from two binary X-ray 
sources, SMC X-1 and EXO 0748-676. The character- 
istic decay time was on order of a million years. The 
long-term change rate is not linear but sinusoidal in case 
of EXO 0748-676. 


(5) Iron line emission from Galactic bulge 


Extended iron line emission at 6.7 keV was detected from 
the Galactic bulge in addition to strong enhancement of 
Galactic center and Galactic ridge emission through exten- 
sive scanning observations. The scale height of the ridge 
emission is about 100 pc, while the bulge component 
extends to about 5 degrees in Galactic latitude. 


2.2.7 MS-TS (SAKIGAKE) 


Periodic bursts of very intense electrostatic electron 
cyclotron harmonic waves have been discovered by the 
PWP (Plasma Wave Spectra Probe) onboard the Saki- 
gake spacecraft while the spacecraft was crossing the 
plasma sheet boundary layer within the distance range 
from 40 to 50 earth radii. The observed pulse bursts of 
the plasma waves show a very intense nature which is 
characterized by BEN (broadband electrostatic noise) 
with a maximum intensity of about 200 mV/m. The 
bursts are enhanced periodically with a period of around 
1.5 minutes suggesting a large volume (within the 
inferred size from 100 km to about 1000 km) of plasma 
cloud periodically flowing towards the tail region. There 
is also periodic variation of ESCH wave spectra sug- 
gesting velocity space modulation in the plasma flow 
with a period ranging from 300 to 400 sec; the magnetic 
field intensity shows the periodic variation with the 
same characteristic periods from 300 to 400 sec. 
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2.2.8 GMS-4 (HIMAWARI 4) 


The Geostationary Meteorological Satellite-4 (GMS-4) 
has been routinely forming observations with the 
following mission objectives: 


Acquisition of images of the earth and clouds by Visible 
and Infrared Spin Scan Radiometer (VISSR) 


Dissemination of cloud images through Stretched VISSR 
digital communication system (S-VISSR) 


Dissemination of cloud images through weather 
facsimile (WEFAX) 


Collection of meteorological data from Data Collection 
Platforms (DCPs) 


Measurement of solar particles by Space Environment 
Monitor (SEM). 


2.3 Approved Missions 
2.3.1 EXPRESS: Reentry Technology and Micro-Gravity 


EXPRESS (Experiment of Reentry Space System) is a 
ballistic reentry capsule for reentry technology and 
micro-gravity research. The program for developing the 
EXPRESS is uuder an international collaboration 
between Japan and Germany. ISAS, MITI and NEDO 
from Japan and DARA from Germany join in this 
program. The Japan side has the primary responsibility 
for the launch of the capsule, and the German side has 
the primary responsibility for the capsules itself. 


The EXPRESS consists of a reentry module (RM) and a 
service module (SM), which weighs 765 kg (RM: 390 kg, 
SM: 375 kg) and provides 153 kg for the mission 
payloads. In the RM, all the mission payloads and some 
of the subsystems that are needed during the reentry 
phase are mounted. For the high aerodynamic heating 
environment during the reentry phase, an ablator-type 
heat shield is utilized to protect the RM. In the SM, the 
subsystems that are needed during the in-orbit and 
de-orbit phases are mounted, including the reaction 
control system, power supply system, telemetry system, 
the de-orbit solid motor, etc. After the de-orbit 
maneuver, the SM and RM are separated and only the 
RM is recovered on the ground. The planned launch date 
of the capsule is September 1994. The EXPRESS capsule 
will be launched into LEO by an M-3SII launcher of 
ISAS from the Kagoshima Space Center. After 5.5 days 
in orbit, the capsule will be recovered on the ground after 
a ballistic reentry. The nominal orbit for insertion is 210 
km altitude at perigee, 400 km altitude at apogee and 31° 
for inclination. The planned landing site is near 
Woomera, Australia. In orbit, a micro-gravity environ- 
ment of 10g is provided. The capsule offers two kinds 
of opportunities. One is experisents utilizing the micro- 
gravity environment during the orbit phase. The other is 
experiments utilizing the aerothermodynamic environ- 
ment during the reentry phase. 
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For the mission payloads, six payloads are mounted, in which five are for the reentry technology experiments and one 
from Japan is for an experiment under the micro-gravity environment. Two of the reentry experiments are for material 
testing utilizing the high aerodynamic heating environment. The other three are for measurements of the reentry 
aerothermodynamic environment, of which the purpose is a validation of the existing analyses and applications to 
advanced reentry spacecraft. Table 2.1 summarizes the mission payloads in the EXPRESS capsule. 





Table 2.1 List for the Mission Payleads 














tbe em Comte sts F xperimenter 
CATEX (Catalyst Experiment) Production of high performance Zeorite caia' ysis USEF (Japan) 
R-TEX (Reentry Technology EX periment) Reentry flight environment measurement and the test ISAS (Japan) 

of high performance heat shield material 
HIPMEX (High Performance Experiment) Test of high performance heat shield materia! RIMCOF (Japan) 





CETEX (Ceramic Tile Experiment) 


Test of high performance heat shield material 


DLR Stuttgart (Germany) 





PYREX (Pyrometer Experiment) 


Temperature measurement of the high-performance 
heat shield material 


TU Stuttgart (Germany) 











RAFLEX (Rarefied Flow Experiment) 


Pressure environment during reentry 





HTG (Germany) 





DARA: German Agency for Space Affairs GmbH 





DLR: German Aerospace Research Institute 





TU Stuttgart: Technical University of Stuttgart 





HTG: Hyperschall Technologie Gottingen 





ISAS: Institute of Space and Astronautical Science 





MITI: Ministry of International Trade and Industry 





NEDO: 'New Energy and Industrial Technology Development Organization 





USEF: Institute for Unmanned Space Experiment Free Flyer 





RIMCOF: R&D Institute of Metals and Composites for Future Industries 





2.3.2 SFU/IRTS: Infrared Astronomy 


IRTS is a small cryogenically cooled infrared telescope to 
be onboard the SFU, a Japanese space platform com- 
monly used for various experiments and astronomical 
observations. It will be dedicated to observing diffuse 
infrared emission such as cosmic background radiation, 
interstellar dust and gaseous line emission. The flight 
module of the telescope has been fabricated and various 
functional and environmental tests have been carried 
out successfully. The SFU will be launched by H-II 
rocket in February 1995. During the mission life of 
about three weeks, the IRTS will survey about 10 percent 
of the sky. 


2.3.3 MUSES-B: VLBI Space Radio Astronomy 


The first satellite that the M-V rocket will launch is 
MUSES-B, a satellite dedicated to the VLBI Space 
Observatory Program (VSOP) of ISAS. The satellite is 
designed as an orbiting radio-telescope, capable of 
observing radio sources (such as quasars and masers) in 
cooperation with radio-telescopes widely distributed on 
the earth. The technical challenges include in-orbit 
deployment of a large antenna (8 m in diameter), low- 
noise reception of signals from radio sources, attitude 
control of spacecraft with large structures, transfer of a 
highly stable reference frequency from the hydrogen 
masers on the ground to the orbiting satellite, high 
bit-rate (128 Mbps) data transmission, and high- 
precision orbit determination. Satellite development is 


being made on schedule and is now in the middle phase 
of the flight model (FM) manufacturing. The planned 
launch year is 1996. 


The satellite will observe the radio sources at three 
frequency bands: 1.6, 5, and 22 GHz, operating along the 
planned orbit with an apogee height of 20,000 km, the 
maximum aperture will be 30,000 km, gi. ing a best 
angular resolution of 0.1 milli-arc-seconds at 22 GHz. 
The continually changing length and direction of the 
basel’ ies will make the UV-coverage dense and make 
high-quality imagings possible. With 64 MHz bandwidth 
and a 100 sec integration time, the rms sensitivities for 
the interferometers composed of MUSES-B and ground 
radio-telescopes are estimated to be about 10 mJy for 
64-70 m class ground antennas and 25 mJy for 25 m class 
ground antennas. 


The VSOP will be conducted under ISAS-NASA collab- 
oration and in cooperation with ground telescopes all 
over the world. NASA is constructing three link stations 
for space VLBI in the Deep Space Network. The dedi- 
cated {ive-station international tracking network with 
10m class antennas (three DSN sites of NASA/JPL, 
Green Bank of NRAO, Usuda of ISAS) operating at 14.2 
GHz for 64 MHz bandwidth data downlink and at 15.3 
GHz for frequency standard uplink is in preparation. 
This two-way coherent link will also be used for the 
precise orbit determination needed for imaging analysis. 
A correlator with 10-station design was prepared in 
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FY 1993 by ISAS, and will be operated at Mitaka of the 
National Astronomical Observatory. 

Major ground VLBI networks and individual telescopes 
are assumed to participate in the program. VSOP aims 
for high resolution pa pa at mang wae 
nuclei, star forming regions and stellar objects. As the 
observing program utilizes ground supports worldwide, 
an international science council was formed for 
optimized operation and scientific handling. 


2.3.4 LUNAR-A: Lunar Penetrator 


Institute of Space and Astronautical Science (ISAS), 
Japan, plans to undertake a lunar mission, named as 
LUNAR-A, which is to be launched in 1997. The 
scientific objective of the mission is to explore the 
lunar interior using seismometry and heat-flow mea- 
surement towards a better understanding of the origin 
and evolution of the moon. The M-V, the newest 
version of the Mu series launch vehicles now under 
development, will be used to send a 520 kg spacecraft 
to the lunar transfer orbit. Three penetrators will 
deploy from the spacecraft onto the lunar surface, and 
constitute a seismic and heat-flow measurement net- 
work or * larger span than the Apollo ALSEP network. 
Two of the three penetrators are planned to be 
deployed on the near side of the lunar surface and the 
other on the far side. The penetrators will hit on the 
lunar surface at a velocity of about 250 m/s. 


The penetrator itself is of a cylindrical shape with an 
ogive nose 90 cm long and 13 cm in diameter. Each 
penetrator is attached to one de-orbit solid propellant 
motor and an attitude controller. The attitude of the 
penetrator is controlled by a cold-gas jet using Rhumb- 
line attitude maneuvering. 


The data taken by the penetrators will be first stored in 
memory on the penetrators and relayed to the spacecraft 
when it comes over each penetrator, about every | 5 days. 
The data transmission from the penetrator to the space- 
craft is made by UHF band and from the spacecraft to 
the ground station by S band. The spacecraft will take a 
circular polar orbit around the moon at an attitude of 
300 km. 


Numerous impact experiments have been made to 
examine the depth which the penetrators will bury below 
the lunar surface and to test the survivability of the 
electric components of scientific instruments. The 
testing results indicate that the penetrator will penetrate 
one to three meters deep into the lunar regolith and each 
scientific payload can survive shock conditions of up to 
10,000 G, if proper care is taken. 


Seismological data obtained by the penetrator network 
will provide us with important insight on the deep lunar 
internal structure. In particular. the size and nature of 
the lunar core will be revealed by this study, which in 
turn will provide key constraints on the origin and 
evolution of the moon. 
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2.3.5 PLANET-B: Mars Orbiter 


The ISAS program Planet-B was started in April 1992. 
The program aims to clarify the structure and dynamics 
of Martian upper atmosphere and its interaction with the 
solar wind. ISAS will send an orbiter to Mars in 1998 
using the third of her newly developed M-V series 
rockets. The orbiter will arrive in late 1999 and take a 
low periapsis at 130 km in order to survey the most 
important altitude range of the Martian ionosphere. It 
will take a large apoapsis distance of 15 Mars radii to 
study the night side of the Martian magnetosphere where 
escaping energetic ionospheric ions are expected. 

The spacecraft weighs 258 kg and its diameter is 2 m. 
The spacecraft spins with a period of 8 sec and its spin 
axis points towards the earth for communication pur- 
poses. About 33 kg is allocated to the scientific instru- 
ments, which consist of a three axis fluxgate 
magnetometer, energetic electron and ion energy ana- 
lyzer, ion mass spectrometer, high energy particle 
detector, thermal ion drift meter, electron temperature 
detector, ultraviolet spectrometer, plasma sounder and 
HF wave detector, low frequency plasma wave detector, 
visible camera, dust counter, extreme ultra violet 
spectrometer, and neutral gas mass spectrometer. 


The thermal ion drift meter, energetic ion mass spec- 
trometer, dust counter, and neutral gas mass spectrom- 
eter are being developed in collaboration with Canada, 
Sweden, Germany, and the United States, respectively. 


2.3.6 GMS-5: Meteorology 


GMS-5 is a spin-stabilized geostationary meteorological 
satellite with a mechanical despun antenna. The space- 
craft consists of a despun earth-oriented antenna 
assembly and a spinning section rotating at 100 rpm. The 
spacecraft length is 444 cm at launch and 345 cm on 
station and the diameter is 215 cm. The weight is 
approximately 747 kg at launch and 345 kg at the 
beginning of its life. The satellite design life is more than 
five years. The solar panel power of 290 W includes an 
approximately 10 W margin at the end of five years (at 
summer solstice). 


The basic mission of GMS-5 is to acquire and dissemi- 
nate meteorological data from geostationary orbit. The 
mission payload consists of the VISSR (visible and 
infrared spin scan radiometer) and a multifunctional 
communications subsystem. Earth observation data is 
obtained using the VISSR; additional environmental 
data are acquired through a UHF communication link 
from earth-based data collection platforms (DSP). GMS- 
5 also provides an experimental relay of search and 
rescue (SAR) transmissions from energy locator 
transmitters (ELT) for aircraft and position 
indicating radio beacons (EPIRB) for vessels. 


The VISSR provides both day and night two- 
dimensional cloud mapping capability with a satellite 
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subpoint resolution of approximately 1.25 km in day- 
light and approximately 5.0 km at night. Additionally, 
the VISSR obtains radiometric data in the earth’s atmo- 
sphere water vapor band to provide the capability to 
determine the ic water vapor distribution. 
The IR channels for GMS-5 will cover 10.5 to 11.5 pm 
(IR channel 1), 11.5 to 12.5 um (IR channel 2) and 6.5 to 
7.0 pm (IR channel 3). 


GMS-5 will be launched by H-II launch vehicle from the 
Tanegashima Space Center in 1995. 


2.3.7 ADEOS: Advanced Earth Observations 


ADEOS, the Advanced Earth Observing Satellite, is 
scheduled to be launched early in 1996 by H-II launch 
vehicle into a sun-synchronous orbit at an altitude of 800 
km. This spacecraft carries eight instruments on board. 


(1) Ocean Color and Temperature Scanner (OCTS) has 
eight visible and near infrared (0.41-0.87 um bands, 
a middle infrared (3.6 ym) band and three thermal 
infrared (8.5-12 ym) bands to observe the global 
ocean color and temperature. OCTS scans mechan- 
ically a 1400 km width with 700 m spatial resolution. 


(2) Advanced Visible and Near Infrared Radiometer 
(AVNIR) has a multi-spectral band and a panchro- 
matic band (0.52-0.69 jm) to observe the land and 
coastal zone. The multi-spectral band is composed of 
four visible and near infrared (0.42-0.89 um) bands. 
AVNIR scans electronically an 80 km width at 16 m 
resolution for the multi-spectral band and at 8 m for 
the panchromatic band by CCD. 


(3) NASA Scatterometer (NSCAT) is an active micro- 
wave radar (14GHz) used to measure near surface 
wind velocity (speed and direction) over the ocean. 
Wind speed accuracy is the greater of 2 m/s or 10 
percent, and direction accuracy is 20 degrees or less. 


(4) Total Ozone Mapping Spectrometer (TOMS) is a 
mapping ultraviolet polychrometer which observes 
atmospheric albedo in six spectral bands for obser- 
vation of total ozone changes and sulfur dioxide and 
evaluation of changes in UV radiation. 


(5) Polarization and Directionality of the Earth’s Reflec- 
tances (POLDER) has eight visible and near infrared 
(0.44-0.91 jm) bands, and three directions of polar- 
ization in 0.44, 0.67, 0.87 ym spectral bands. 


(6) Interferometric Monitor for Greenhouse gases 
(IMG) is a Michelson Spectrometer which sweeps 
the infrared band (3.3-14 um) to observe the vertical 
temperature distribution of the atmosphere and 
CO., CH,, N,0 etc. with 0.6 deg of IFOV. 


(7) Improved Limb Atmospheric Spectrometer (ILAS) 
is a spectrometer which observes the infrared region 
(6-12 um) with 0.129 ym resolution and the near 
visible region (0.753-0.784 ym) with 0.1 nm resolu- 
tion in order to measure ozone, nitrogen dioxide etc. 
in the high latitude regions. 
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(8) Retroreflector In Space (P'S) is a corner cube reflector 
of diameter 50 cm. It reflects visible to infrared (0.3-14 
pm) band light transmitted from the ground station to 


Critical design review (CDR) of ADEOS was completed 
in November 1993. Proto Flight Model (PFM) testing 
will be started in Fall 1994. 


2.3.8 TRMM: Tropical Rainfall Measurement 

Tropical Rainfall Measuring Mission (TRMM) is a joint 
project of the U.S. and Japan, with high relevance to 
international global-change programs. The primary mis- 
sion objective of TRMM is to measure tropical rainfall 
as the first precipitation radar in space, and thereby to 
contribute long-term studies of atmospheric and ocean 
circulation, and understanding of tropical precipitation 


processes that play a key role in climate change, partic- 
ularly “El Nino-Southern Oscillation.” 


TRMM satellite is scheduled to be launched by H-Il 
launch vehicle in 1997, in a circular orbit with the 
altitude of 350 km and inclination of 35 degrees, which 
is suitable to measure the tropical rain in detail. TRMM 
satellite has a weight of 3.62 tons and a three-year 
mission life. 

To accomplish the mission, TRMM satellite carries the 
following five instruments: 


(1) Precipitation Radar (PR; NASDA) is a key instru- 
ment which will be used to measure 3-D rainfall 
structure in order to carry out quantitative measure- 
ments over land and ocean. PR adopts a !128-element 
active phased array system which operates at 13.8 
GHz and has a minimum measurable rain rate of 
0.7mm/h. PR will provide a range resolution of 250 
m and a horizontal resolution of 4.3 km (nadir) with 
a swath width of 215 km. 


(2) TRMM Microwave Imager (TMI; NASA) will utilize 
five channels ranging from 10 to 85 GHz. TMI will 
provide horizontal resolutions of 6 to 50 km with a 
swath width of about 760 km. 


(3) Visible Infrared Scanner (VIRS; NASA) will utilize 
five visible/infrared spectral channels ranging from 
0.6 to 12 pm. VIRS will a horizontal reso- 
2 ee en eee 
720 km. 


(4) Clouds and Earth’s Rainfall Energy System (CERES; 
NASA) will measure the earth’s radiation budget and 
atmospheric radiation. CERES will utilize three 
spectral channels ranging from 0.3 to 50 um and 
provide a horizontal resolution of 10 km (nadir) with 
a scan angle of +/- 80 degrees. 

(5) Lightning Imaging Sensor (LIS; NASA) will investi- 
gate the global incidence of lightning and its corre- 
lation with rainfall. LIS will utilize a spectral band of 
0.77765 ym and provide a horizontal resolution of 
10 km (nadir) with swath width of about 600 km. 
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At present, TRMM satellite development is under design 
by both the U.S. and Japan, and the system Critical 
Design Review (CDR) was held in October 1993. 


2.3.9 ADEOS-II: Earth Environment Observations 


ADEOS-II, Advanced Earth Observing Satellite-II, is a 
post-ADEOS polar orbiting earth observation satellite, 
major objectives of which are to observe the global 
change by international cooperation and to develop 
satellite remote-sensing technology. The enhanced 
phase-B is to be initiated in Japanese FY 1994 aiming to 
launch in February 1999. 


The mission of ADEOS-II is to obtain earth science data, 
particularly regarding global water cycling. In order to 
achieve the mission, two core instruments are under 
development by NASDA and three instruments are 
under development by three cooperating organizations. 


The Advanced Microwave Scanning Radiometer 
(AMSR), a multi-band wide-coverage microwave radi- 
ometer, and the Global Imager (GLI), a multi-spectral 
wide-coverage optical radiometer, are the ADEOS-II 
core instruments. The ILAS-II, SeaWinds, a modified 
NSCAT and POLDER, are to be developed and deliv- 
ered to ADEOS-II by the Environment Agency of Japan, 
NASA/JPL, CNES, respectively. A Data Collection 
System (DCS) transponder is also to be carried to gather 
the data. 


The satellite bus will be designed to continue the basic 
technologies of the 3.5 ton class ADEOS satellite. The 
mission data is to be transmitted mainly via the on- 
board recorder and data relay satellite, a mission of the 
Communications Engineering Test Satellite (COMETS) 
and succeeding satellites. 


The outline of the instruments are as follows: 


(1) Advanced Microwave Scanning Radiometer 
(AMSR) measures dual polarized radiation of the 
earth’s surface and atmosphere at the frequencies of 
6.6, 10.65, 18.7, 23.8, 36.5 and 89.0 GHz, as well as 
single polarized 50.3 and 52.8 GHz, with a radio- 
metric resolution of 0.2-1 KHz, and with 2 spatial 
resolution of 5 km at 89 GHz, 60 km at 6.6 GHz. 


(2) Global Imager (GLI) measures radiation of the 
earth’s surface and atmosphere at 34 wavelength 
bands in the range of 380 nm to 12.5 um, with a 
signal-to-noise-ratio of 800 at visible and near- 
infrared, noise equivalent temperature of 0.1 K at 
thermal-infrared and with a spatial resolution of |! 
km. Swath width is 2000 km maximum and several 
250 m resolution channels are also equipped. 


(3) Improved Limb Atmospheric Spectrometer-Il 
(ILAS-II) measures atmospheric minor species such 
as ozone at several infrared bands, succeeding the 
observation from the one on the ADEOS. 


(4) SeaWinds is a modified NASA Scatterometer 
(NSCAT) on board the ADEOS-II. SeaWinds mea- 
sures sea surface wind direction and speed with the 
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accuracy of 20 degrees and 2 m/s, using the back- 
scatter of 13.8 GHz microwave pulses. 


(5) Polarization and Directionality of the Earth’s Reflec- 
tances (POLDER) contributes to understanding the 
aerosols in the troposphere by measuring polariza- 
tion and directionality at several visible and infrared 
bands, succeeding the observation from the one on 
the ADEOS. 


2.3.10 ETS-VII: Telerobotics Engineering Test 


The Engineering Test Satellite-VII (ETS-VII) is scheduled 
to be launched in the middle of 1997 by H-II Rocket. The 
orbit of the ETS-VII is circular at an altitude of 550 km 
with an inclination of 35°. The mission objectives of the 
ETS-VII are to demonstrate the automated rendezvous 
docking and telerobotics servicing technology. Both tech- 
nologies are planned to be applied to unmanned in-orbit 
servicing and lunar/planetary exploration. 


The ETS-VII also carries the Atomic Oxygen Monitor 
(AOM) which maps the density of atomic oxygen along 
the orbit. 


2.3.11 IML-2 Experiment Planning 


NASDA is participating in the IML-2 flight program 
which is to fly in the coming July. The hardware pro- 
vided by NASDA are Aquatic Animal Experiment Unit 
(AAEU), Thermal Electric Incubator (TEI), Cell Culture 
Kit (CCK), Free Flow Electrophoresis Unit (FFEU), 
Realtime Radiation Monitoring Device (RRMD), Large 
Isothermal Furnace (LIF), and Vibration Isolation Box 
ixperiment System (VIBES), mostly reflights of the SL-J 
mission with slight modifications. 


AAEU supports the four missions: Mechanism of 
Vestibular Adaptation of Fish under Microgravity by 
Dr. Akira Takabayashi, Mating Behavior of Their Eggs 
in Space by Dr. Ken-ichi Ijiri, Fertilization and Embry- 
onic Development of Japanese Newts in Space by 
Dr. Masamichi Yamashita, and Early Development of a 
Gravity-Receptor Organ in Microgravity by Dr. Michael 
L. Wiederhold. 


TEI and CCK carry three missions: Effects of Micro- 
gravity on the Growth and Differentiation of Cultured 
Bone-derived Cells by Dr. Yasuhiro Kumei, Cell Differ- 
entiation of Dictyostelium discoideum in Space by Dr. 
Takao Ohnishi and Gravity and Stability of the Differ- 
— of Plant Proembryos by Dr. Abraham 


FFEU conducts three missions: Separation of Chromo- 
some DNA of a Nematode C. elegance by Electro- 
phoresis by Dr. Hidesaburo Kobayashi, Experiments of 
Separating the Culture Solution of Animal Cells in High 
Okusawa, —} 4. 

tional Role in Electrophoretic 
Separations of Pituitary Cells and Granules by Dr. 
Wesley Hymer. 
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Biological Experiments for Heavy Charged Particles in 
Spacecraft by Dr. Tadayoshi Doke. ° 

LIF performs three missions: the Gravitational Role in 
Liquid Phase Sintering by Dr. Randall German, Mixing 
of Melt of Multicomponent of Compound Semicon- 
ductor by Dr. Akira Hirata, and Effect of Weightlessness 
on Microstructure and Strength of Ordered TiAl Inter- 
metallic Alloys by Dr. Akira Sato. 


VIBES carries out two missions: Influence of G-jitter on 
Natural Convection and Diffusive Transport by Mr. 
Hisao Azuma, and Study on Thermally Driven Flow 
Under Microgravity by Dr. Masao Furukawa. 


3. Recket Observations 
3.1 Outline 


The sounding rocket programs of Japan are undertaken 
by four institutions: Institute of Space and Astronautical 
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Science (ISAS), National Institute of Polar Research 
(NIPR), Japan Meteorological Agency (JMA) and 
National Space Development Agency of Japan 
(NASDA). Their launch sites are Kagoshima Space 
Center, Showa Station, Ryori Meteorological Rocket 
Observation Station and Tanegashima Space Center, 
respectively. 
during the periods of August-September 1992, January- 
February 1993, August-September 1993, and January- 
February 1994. In these periods, five sounding rockets 
were launched. These were three MT-135s, one S-310 
and one S-520 rocket. The log of the launches and 
experiments are listed in Table 3.1. Two sounding rocket 
TR-IA were launched for experiments in 
September 1991 by NASDA. The parameters of the 
experiments are given in Table 3.2. Meteorological 
rockets MT-135P which have regularly been launched 
are listed in Table 3.3. 





Table 3.1. List of Sounding Rockets Launched from Kagoshima Space Center 
(Latitude: 31°15°00“N, Longitude: 131°04°45”E) 




















Ne. Recket Date Time (JST) Alt. (km) PO gary Fite 

S-204 MT-135-57 "92 9/9 11:00 NNP-O3 (Tsukuba College of Tech. and Univ. of Tokyo) 

$-205 S-520-16 "93 2/18 16:00 272 METS (Kyoto Univ. and Kobe Univ.) 

$-206 MT-135-58 *93/9/23 11:00 NNP-O3 (Tsukuba College of Tech. and Univ. of Tokyo) 

$-207 MT-135-59 °93/9/24 11:00 NNP-O}3 (Tsukuba College of Tech. and Univ. of Tokyo) 

S-208 $-310-22° °94/2/16 08:52 192 AIR (Rikkyo Univ.) (NST), NID (RIKEN), NNPO3 

(Univ. Tokyo), NEL (Tohoku Univ., NPRL), NNP-NO 

(Univ. of Tokyo), GAS (Tokai Univ.) 

















“Launching site: Andoya Rocket Range, Norway; Latitude: 69°17°39.07"°N, Longitude: 16°01°14.45"E 





Abbreviation for Observations: AIR: Airglow, METS: Microwave Electronics. NEL: Number density of Electrons; NID: Number Density of lon: 
NNP-NO: Number density of Nitrogen Monoxide; NNP-O3: Number Density of Neutral Particles (Ozone) 








Table 3.2. The Parameters of the Sounding Rocket Launched From Tanegashima Space Center 
(Latitude: 30°22°25"N, Longitude: 130°57°56”E) 











Recker Date Time (JST) Alt. (km) BS pore tes: 
TR-IA-2 "92 Aug 20 08:30 277 OBS, FTX, BDH, TGF, HTF 
TR-IA-3 "93 Sep. 17 08-00 264 ITF, OBS, FTX, TGF 

















BDH: Handling Experiment Equipment. FTX: ee ee HTF: High-Temperature Furnace, OBS: Observation 
Experiment Equipment, TGF: Temperature Gradient Furnace, ITF: Isothermal Furnace 
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Table 3.3. Meteorological Sounding Rockets Launched From Ryori Meteorological Recket Observation Station ; 
Recket Date | Time gst) Alt. (km) Meteerelegical Obesrvation 
MT-135P-R80S 1992 19 11:00 6s Wind Temp 
MT-135P-R806 115 11:00 6 Wind Temp 
MT-135P-R807 122 11:00 67 Wind Temp 
MT-135P-R808 25 11:03 6 Wind Temp 
MT-135P-R809 219 TET! 61 Wind Temp 
MT-135P-RBIC 1992 226 11:08 6s Wind Temp 
MT-135P-RS1! aT 11:00 6s Wind Temp 
MT-135P-RS12 318 11:00 64 Wind Temp 
MT-135P-R813 325 11:00 6s Wind Temp 
MT-135P-R814 48 11:00 64 
MT-135P-RB15 1992 as 11:05 67 Wind Temp 
MT-135P-R816 422 11:02 6 Wind Temp 
MT-135P-R817 430 11:00 6 Wind Temp 
MT-135P-R818 313 11:00 62 Wind Temp 
MT-135P-R819 520 11:00 6s Wind Temp 
MT-135P-R820 1992 $27 11:00 6s Wind Temp 
MT-135P-R821 610 Te 67 Wind Temp 
MT-135P-R822 617 11:10 62 Wind Temp 
MT-135P-R823 624 11:00 6 Wind Temp 
MT-135P-R824 79 11:00 6 Wind Temp 
MT-135P-R825 1992 722 11:00 6 Wind Temp 
MT-135P-R826 85 11:00 9 Wind Temp 
MT-135P-R827 819 11:30 9 Wind Temp 
MT-135P-R828 92 11:00 %6 Wind Temp 
MT-135P-R829 99 11:00 Py Wind Temp 
MT-135P-R830 1992 923 11:20 38 Wind Temp 
MT-135P-R831 107 11:10 62 Wind Temp 
MT-135P-R832 1022 11:00 61 Wind Temp 
MT-135P-R833 1028 11:00 9 Wind Temp 
MT-135P-RS34 115 11:00 9 Wind Temp 
MT-135P-R835 1992 8 11:00 60 Wind Temp 
MT-135P-R836 1125 11:00 7 Wind Temp 
MT-135P-R837 122 11:20 62 Wind Temp 
MT-135P-R838 1216 11:09 61 Wind Temp 
MT-135P-R839 1223 11:00 63 
MT-135P-R840 1992 1231 1103 61 Wind Temp 
MT-135P-R841 1993 16 11:05 Pr Wind Temp 
MT-135P-R842 120 11:01 62 Wind Temp 
MT-135P-R843 127 11:00 58 Wind Temp 
MT-135P-RB44 23 11:00 Py Wind Temp 
MT-135P-RB45 218 11:00 63 Wind Temp 
MT-135P-R846 1993 24 11:00 PP Wind Temp 
MT-135P-R847 33 11:00 6s Wind Temp 
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Table 3.3. Meteorological Sounding Rockets Launched From Ryori Meteorelogical Rocket Observation Station 

























































































(Continued) 

Recket (re Time (JST) Ak. (km) Metewretagical (Meee ratios. 

MT-135P-R848 317 11:00 65 Wind Temp 
MT-135P-R849 324 11:07 60 Wind Temp 
MT-135P-R850 ao 11:07 60 Wind Temp 
MT-135P-R851 1993 421 11:05 61 Wind Temp 
MT-135P-R852 428 11:02 62 Wind Temp 
MT-135P-R853 $12 11:02 63 Wind Temp 
MT-135P-R854 519 11:05 65 Wind Temp 
MT-135P-R855 $26 11:10 of Wind Temp 
MT-135P-R856 1993 69 11:27 60 Wind Temp 
MT-135P-R857 616 11:05 62 Wind Temp 
MT-135P-R858 630 11:21 60 Wind Temp 
MT-135P-R859 715 11:00 59 Wind Temp 
MT-135F-R860 721 11:00 56 Wind Temp 
MT-135P-R861 1993 Bd 11:10 60 Wind Temp 
MT-135P-R862 818 11:00 60 Wind Temp 
MT-135P-R863 91 11:03 on Wind Temp 
MT-135P-R864 915 11:00 58 Wind Temp 
MT-135P-R865 922 11:00 59 Wind Temp 
MT-135P-R866 1993 929 11:00 60 Wind Temp 
MT-135P-R867 1014 11:00 60 Wind Temp 
MT-135P-R868 1020 11:10 62 Wind Temp 
MT-135P-R869 1027 11:00 63 Wind Temp 
MT-135P-R870 1110 11:00 60 Wind Temp 
MT-135P-R871 1993 1117 11:00 60 Wind Temp 
MT-135P-R872 122 11:00 61 Wind Temp 
MT-135P-R873 128 11:00 61 Wind Temp 
MT-135P-R874 1215 11:15 62 Wind Temp 
MT-135P-R875 1222 11:03 64 Wind Temp 




















Launching site: Meteorological Rocket Observation Station, Ryori (Latitude: 39°02°N, Longitude: 141°50°E) 





3.2 Scientific Results 


3.2.1 Microwave Energy Transmission Experiment in 
Space 


Microwave Energy Transmission Experiment was car- 
ried out between the mother payload section and the 
daughter one on board the sounding rocket, S-520-16, 
launched from Kagoshima Space Center at 7:00 UT on 
February 18, 1993. The objective of the experiment was 
to develop the technologies of high powers microwave 
energy transmission in space and to estimate the inter- 
action of microwaves and the environmental space 
plasma. 


The daughter payload section was separated from the 
mother one in space and about 830 W of microwave 
energy was transmitted from the phased array antenna 


on board the mother payload section and was received 
by the antenna on the daughter. The direction of the 
transmission could be controiled by using the phased 
array antenna. 


The experiment was successful and useful data were 
obtained for the study and towards the development of 
the future Space Power Station. 


After the re-entry, the supersonic parachute experiment 
was carried out and useful data were also obtained. 


3.2.2 Observation of nitric oxide and ozone in the polar 
mesosphere and stratosphere 


The S-310-22 sounding rocket was launched from 


Andoya, Norway, at 07:52 UT on February 16, 1994. 
The main purpose was to study the possible effects of 
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nitric oxide (NO) on the stratospheric ozone chemistry 
in the polar region. The rocket carried five scientific 
instruments: a nitric oxide instrument (NNP-NO), two 
instruments for measuring the ozone density in different 
altitude ranges (AIR and NNP-O,), a negative ion 
detector (NID), and an electron density probe (NEI). 
With this rocket experiment, the densities of nitric oxide 
and ozone in the middle atmosphere were measured 
simultaneously for the first time in the polar region. The 
electron density and those of positive and negative ions 
were also measured successfully in an altitude range of 
60 to 190 km. 


3.2.3 Observations of atmospheric ozone 


A series of MT-135 type rockets have been .aunched for 
monitoring ozone density in the stratospheric altitudes 
by using the newly developed ozone sensor (four-channel 
solar UV radiometer), altitude variations of ozone den- 
sity are measured from 50 km to 20 km. Altitude 
dependences of air temperature are simultaneously mea- 
sured. A long term monitoring of the density variation is 
under planning for coming years. 


3.2.4 International rocket active experiment 


A sounding rocket payload to study the generation and 
emission of electromagnetic waves from a modulated 
electron beam was successfully flown from the Poker 
Flat Research Range, Alaska, in March 1992 on a Black 
Brant 11 sounding rocket with Utah State University, 
Stanford University, Michigan University, University of 
Alaska and others. The payload contained a modulated 
electron gun with a triode arrangement of electrodes 
allowing modulation of the beam current up to VLF 
frequencies. No evidence of beam induced wave radia- 
tion to the ground was detected. However, strong VLF 
frequencies following the preset program were clearly 
detected by the diagnostic free flyer and the tethered 
daughter payload segment. The effect of the gas release 
was very marked. The vehicle potential dropped from 
about | KV to about 30 V when the gas was turned on. 
Some evidence of the light from beam-atmosphere inter- 
actions was seen near the end of the flight, but in general, 
the optical results were not very informative. 


3.3 Meteorological Observations 


Synoptic observations of wind, temperature and altitude 
in the stratosphere and lower mesosphere by MT-135P 
rockets have been carried out by the Japan Meteorolog- 
ical Agency at the Ryori Meteorological Rocket Obser- 
vation Station. 
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Thirty six rockets in 1992 and 35 rockets in 1993 were 
launched. 


The observation data have been reported to the World 
Data Center A (WDC-A) in the U.S. MT-135P is a 
single-stage rocket with a diameter of 135mm, length of 
3.3 m and weight of 69 kg. 


3.4 Microgravity Experiment 


The second microgravity experiment by the NASDA 
sounding rocket TR-IA was conducted in August 1992. 
The mission payloads consisted of Observation Experi- 
ment Equipment (OBS), Fluid Dynamics Technology 
Experiment Equipment (FTX), Bubble Generation, 
Dynamics and Handling Experiment Equipment (BDH), 
Temperature Gradient Furnace (TGF), and High- 
Temperature Furnace (HTF). Their missions and principal 
investigators were: In-site Observation of Interface Mor- 
phology and Environment and Crystal Growth by Dr. 
Kazuhiko Kuribayashi, ISAS, Experiments on Generation 
of Marangoni Convection Flow and Controlling Method 
by Prof. Akira Hirata, Waseda U., Nucleation, Growth 
and Movement of Bubble under Microgravity by Dr. 
Masamichi Ishikawa, Mitsubishi Research Institute, Semi- 
conductor Solution Growth Experiment by Prof. Tatau 
Nishinaga, U. of Tokyo, and Melting and Solidification of 
Glass Experiment by Mr. Junji Hayakawa, Osaka 
Industrial Technology Research Institute, respectively. 


The third experiment was carried out in September 1993 
by the same system. Only HTF was replaced by Iso- 
thermal Furnace (ITF). OBS, FTX, BDH executed the 
same missions as the previous ones but with different 
Pis: Dr. Tsutomu Sawada, National Institute for 
Researches in Inorganic Materials, Mr. Keinichi Kuwa- 
bara, IHI, and Mr. Shinya Ishii, MHI, respectively. TGF 
this time conducted in-situ observation of Solid-Liquid 
Phase Interface Morphology for Mr. Kyoichi Kinoshita, 
NTT. ITF carried out High Temperature Cement Mate- 
rial Processing for Dr. Osamu Odawara, Tokyo Institute 
of Technology. 


4. Balloon Observations 
4.1 Outline 


In 1992 and 1993, the Institute of Space and Astronau- 
tical Science (ISAS) launched seven balloons each year 
from the Sanriku Balloon Center (SBC) located in the 
northern part of Japan (39.2 N, 141.8 E). The flight 
details are shown in Tables 4.1 and 4.2. Both scientific 
observations and engineering experiments using those 
balloons were performed by scientists of other institutes 
and universities as well as research groups in ISAS. 
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Table 4.1. List of Balloon Experiments (1992) 

Ne. Date tipertrare: Balloos Altitede (km) Remarks 

| 5.28 Air Sampling BSO 34/22 Recovery 

2 5.28 Ozone Density BTS 33 

3 5.28 Ozone Density BTS 42 

4 5.30 Stratospheric Cloud BR 34 

5 6.1 Stratospheric Cloud be 34 

6 8.29 Waterproof Gondola BIS 27 Recovery 

7 9.2 Ultrasonic Parachute B30 32 




















BR: Rubber Balloon, BT: Thin film Balloon, B15, 30, 50: zero pressure balloon with volume of 15,000 m?, 30,000 m?, 50,000 m? respectively. 








Table 4.2. List of Balloon Experiments (1993) 















































Ne. Date Experiment Balloon Altitude (km) Remarks 

1 5.20 Test Flight BTIS 46 Altitude Record 
2 6.5 Hard X/Gamma-ray BSO 36 Recovery 

3 6.9 Ozone Density BTS 41 

4 6.9 Ozone Density BTS 42 

5 8.29 Primary Electron B50 35 Recovery 

6 9.3 Test Flight B30 32 

7 9.6 Infrared Telescope B50 3% Recovery 

8 9.10 Moon Penetrator B30 36 

Three balloons were launched at Syowa Station on 4.3 Scientific Results 


December 26 and 30, 1992 and on January 5, 1993, respec- 
tively by the members of 33rd and 34th Japan Antarctic 
Research Expeditions. This balloon campaign, named Polar 
Patrol Balloon (PPB), was carried out by the National 
Institute of Polar Research in collaboration with ISAS. 


Some balloon experiments at foreign bases were also 
performed under the international collaborations as 
described in Section 4.4. 


4.2 New Techniques and Facilities 


ISAS has developed a high altitude balloon made of 
extremely thin polyethylene film. The test flights of the 
balloons were carried out successfully. The two sizes of 
balloons, volume of 5,000 m and 15,000 m, could reach 
the altitudes of 42 km and 46 km respectively. 


As part of the first research phase of space application 
technologies, ISAS performed model experiments of a 
supersonic parachute and an attitude control of a moon 
penetrator by means of free fali from balloon altitude. 
Much useful data applicable for the next research step 
were obtained. 


In order to recover balloon payloads from sea without 
serious damage, a newly designed waterproof gondola 
made of FRP was developed and tested by balloon on 
August 29, 1992. It is expected that balloon-borne instru- 
ments can be used repeatedly by this technology, even 
though all payloads must land on the sea by a parachute 
due to the viewpoint of safety by Japan. 


4.3.1 Cosmic Rays 


Cosmic ray observations in various energy regions were 
performed by means of Polar Patrol Balloon No. 6 
(PPB-6), in which multiple cosmic ray detectors were 
assembled. The observation targets were Proton (E > 
100 MeV), Helium/CNO components (E = 100 to 500 
MeV/n) and energetic X-ray from auroral, solar and/or 
cosmic sources. 


PPB-6 was launched from Syowa Station on January 5, 
1993, and moved westward by 1.5 circular rounds over 
Antarctica, covering 6-13 g/cm atmospheric depth and 63 
N-70 S geographic latitude. A total of 584 hours (more 
than 24 days) of observation periods were obtained. This 
flight duration was good enough to measure cosmic Proton 
and Helium fluxes with fairly good statistics, and to survey 
aurora X-rays over wide Antarctic region. 


4.3.2 Astronomy 


The Crab pulsar was observed in the soft gamma-ray 
band with the Welcome-! (MK2) detector for about two 
hours using the balloon launched on June 5, 1993. The 
detector is the same as that used in a series of observa- 
tions in Brazil (1988-1991) except in its reduced area 
(360 cm), improved energy resolution (8.0 percent at 662 
keV), and narrower field-of-view (3.8 degree). The data 
analysis has led to a proposal of a unified model of 
spin-power X-ray/gamma-ray pulsars. 
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The newly designed eight-element linear array of a 
stressed Ge:Ga photoconductive detector was success- 
fully used for a balloon-borne infrared astronomical 
observation. On September 6, 1993, a balloon-borne 
telescope incorporating the linear array was flown from 
SBC, and the first detailed mapping observations of the 
far-infrared continuum emission from the Galactic plane 
was successfully made. 


4.3.3 Geophysics 


In order to measure ozone density at high altitude 
regions up to 40 km, Upper Atmospheric and Space 
Research Laboratory of Tohoku University has devel- 
oped a new type of compact ozone sensor which is 
constructed of an interferometric UV filter and a photo- 
diode. Four observation flights were accomplished suc- 
cessfully in 1992 and 1993 at SBC using this new sensor 
and the high altitude balloon mentioned in Section 4.2. 


4.4 International Cooperation 


Astronomical observations using an infrared telescope 
BICE (Balloon-borne Infrared Carbon Explorer) have 
been carried out since 1991 in collaboration with the 
group at the University of Arizona, U.S. The scientific 
objective of the observation is to reveal the energetics 
and chemistry of interstellar clouds on a Galactic scale 
by observations of the far-infrared [CII] line at 158 
microns. 


In 1992, three balloons were launched from Alice 
Springs, Australia. The balloon flight operation and 
support was provided by the staff of the National Scien- 
tific Balloon Facility (U.S.). One of the flights was very 
successful, and the first detailed map of the far-infrared 
[CII] line emission from the southern Galactic plane and 
the strong emission from the Large Magellanic Cloud 
(LMC) was obtained. 


A Balloon-borne Experiment with a Superconducting 
solenoidal magnet Spectrometer, BESS, is being carried 
out as a Japan-U.S. cooperation program among ISAS, 
University of Tokyo, National Laboratory for High 
Energy Physics (KEK), Kobe University, NASA and 
New Mexico State University (NMSU). The experiment 
aims to study matter/antimatter asymmetry in the uni- 
verse through the search for primordial antimatter in 
cosmic rays. The first balloon flight was successfully 
carried out in north Canada (57°N, 101°W), in the 
summer of 1993. As a preliminary result of data analysis, 
two antiproton candidates have been found at a 
momentum range of 0.9 GeV/c. The second balloon 
campaign 57°N, 101°W is planned to be carried out in 
Canada in the summer of 1994. 


Scientists from the Solar-Terrestial Environment Labo- 
ratory took part in the international balloon experiments 
for Upper Atmosphere Research Satellite (UARS) cor- 
relative measurements. The balloon flights were made 
from Aire surl’Adour (44°N, 0°E) in France in October 
and November 1992. Total reactive nitrogen (NOy), 
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ozone and aerosols were measured successfully on board 
100,000 m balloons launched by the French Center for 
Space Research (CNES). 


Similar experiments were also made in October 1993. 
These international campaigns were aimed for the detailed 
study of the chemical and dynamical processes leading to 
the destruction of ozone at mid-latitudes. The balloon- 
borne measurements by the Japanese group were con- 
ducted in cooperation with National Scientific Research 
Center (CNRS) of France and University of Denver 
_ The balloon flights were supported financially by 


5. Other Scientific Results of Space Research 
5.1 Results of EMPT (First Material Processing Test) 


First Material Processing Test was performed as part of 
the Spacelab-J mission aboard the shuttle Endeavour, 
flown during eight days from 12-20 September 1992 and 
completing a total of 34 (22 material science and 12 life 
science) experiments. Flight and hardware operations 
were executed nominally with few exceptions. 


Flight specimens and data have been analyzed by the 
Principal Investigators to obtain the scientific results 
summarized briefly as follows: 


Semiconductors: (M-1), (M-2) and (M-22) High quality 
PbSnTe and InGaAs crystals for far-infrared laser were 
successfully grown by Bridgeman and a traveling-zone 
method. (M-3) InSb crystal grown by a floating-zone 
method was the largest among those ever grown in space. 
(M-9) Si crystal was regrown with facets, showing that 
growth occurred outwards from spherical seed in the 
melt. (M-13) SiAsTe amorphous semiconductor was 
fabricated, increasing its electric conductivity by more 
than seven orders of magnitude through Ni-doping. 


Alloys and Composites: (M-4) AIPbBi superconducting 
alloys were made with uniform dispersion of PbBi par- 
ticles having T, = 8.7 K when formed into a wire. (M-5) 
Deoxidization of iron alloys showed that the deoxidizer 
of one alloy migrated and those of the other two didn’t. 
(M-6) Ni-based Tic-particle-dispersed alloy was made 
with more uniform microstructure and with two times 
the hardness as that obtained on earth. (M-10) Mono- 
tectic Cu-Pb alloy solidified, showed irregular-shaped Pb 
rods aligned in Cu matrix. (M-11) Carbon fiber/Al alloy 
composite was produced with mostly bonded fibers and 
locally coagulated Al alloy. (M-19) Eutectic Al-Cu alloys 
melted, showing that no free primary crystals which lead 
to equiaxised crystals appeared since flows didn’t occur 
due to oxidation of the alloy surface. 


Metallurgy: (M-7) Diffusion coefficient in liquid phase 
of Au-Ag samples were analyzed as superimposed by 
unfavorable Marangoni effects. (M-12) Mixtures of W 
and Ni particles sintered in liquid phase, showed that the 
mixture of liquid and solid particles behaves like a 
liquid. (M-14) Ag was evaporated to make fine particles 
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in bulbs, and as the smoke burst, branches of smoke 
appeared, which has never been observed so far on earth. 


Glasses and Others: (M-8) Deformation images of glass at 
high temperatures were observed, giving a temperature 
vs. volume relation of glass. (M-17) CaO-Ga,0,-GeO, 
glass was melted in an acoustic levitation furnace and 
was found to be clear glass without devitrification. 
(M-20) Samarskite crystal growth was tried by a travel- 
ing-zone method, however, it grew with a deviated 
composition from feed rods. (M-21) Growth of organic 
metallic crystals was tried, but it wasn’t completed due to 
malfunctions of seed and the growth chamber. 


Fluid Science: (M-15) A liquid drop was manipulated in 
an acoustic resonant chamber, whose size was large 
enough to plot oblateness data, and were found to be 
reproduced by theoretical results. (M-16) Velocities of 
more than two bubbles in a thermal gradient were 
measured and were much smaller than when a single 
bubble moves. (M-18) Marangoni convection visualiza- 
tion was tried, but it didn’t occur whereas the molten 
front of the sample was well visualized. 


Adaptation to Space: (L-1) Endocrine and metabolism of 
PS was tested, and the stress reaction modified fluid and 
electrolyte metabolism. (L-4) Vestibular-ocular-reflex of 
PS was measured, and eye motility did not differ from 
that measured on earth. (L-10) PS operated a joystick to 
do programmed manual operations, felt a pain in his 
tracking eye movement. (L-2) Dorsal light reaction and 
cerebellar activity of a normal and an otolith-removed 
carp were measured, and the carps were confused in 
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sensory systems. (L-7) Chick embryos were incubated, 
and high mortality of 0-day-old embryos was due to 
specific inner structure of the eggs. (L-12) Fungi grew 
rhythmically as well as on earth, and this confirmed that 
the circadian rhythm is endogenous being irrespective of 
gravity, radiation and such. 


Space Biology and Others: (L-3) and (L-8) Proteins and 
viable cells were separated by electrophoresis with better 
resolutions than those on earth. (L-5) Four kinds of 
proteins were crystallized, and lysozyme and transami- 
nase yielded good single crystals. (L-6) Monkey kidney, 
human B lymphocyte and plant cells were cultured, and 
immunoglobulin antibody secretion exceeded that on 
earth. (L-9) and (L-11) Flies, shrimp eggs and plasmid 
DNA samples exposed to space radiation seemed to be 
affected more appreciably than on earth. 


5.2 SEPAC (Space Experiment with Particle Accelerators) 


The second flight of SEPAC was performed in the 
ATLAS-1 mission in March 1992. The prime objective 
was to accomplish a high power electron beam emission 
and artificial aurora production in the atmosphere, 
which could not be performed in Spacelab-1. This was 
performed successfully, and 7.5 kW electron beam pro- 
duced an artificial aurora, and it was observed from the 
space shuttle using a high sensitivity camera of AEPI (see 
photograph below). The wave excitation experiment by a 
modulated electron beam (Virtual Antenna) was also 
performed and these results are summarized in Proceed- 
ings of International Symposium on the Electron Beam 
Experiment in Space and its application. 
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Geothermal Power Generation Activities in Japan 
43070036B JAPAN 21ST in English 1 Mar 95 p 39-43 
[Article by Hiroyuki Maki, director, Electric Power 
Generation Division, Agency of Natural Resources and 
Energy, Ministry of International Trade and Industry] 


[FBIS Transcribed Text] 
I. Introduction 


1. The Situation Surrourding Energy 


Japan has been intensifying its development and intro- 
duction of alternative energy sources after going through 
two oil crises, but the country’s energy supply structure 
still remains flimsy, depending on imports from abroad 
for the supply of most of its energy requirements. Nev- 
ertheless, energy consumption in Japan is tending to 
grow along with vigorous economic activities and the 
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pursuance of higher living standards and affluence by the 
nation. The utilization of fossil fuel as an energy source 
is becoming controversial due to the growing concern for 
environmental problems such as global warming and 
acid rain. Against this background, the Advisory Com- 
mittee for Energy, an advisory organ for the Minister of 
International Trade and Industry, announced in June 
1994 a long-term projection of energy supply and 
demand in Japan, in which the national energy con- 
sumption was estimated to grow 1.08 times by the year 
2000 and 1.17 times by 2010 from the level of 1992 even 
if the government formulates an appropriate energy 
policy and the nation makes maximum efforts for econ- 
omizing energy consumption. Therefore, the necessity of 
stepped-up introduction and development of non-fossil 
energies such as nuclear power, geothermal power, 
Ee Cee GES Ge Gone eed GaEES out 
(Table 1). 
































Table 1. Projection of Primary Energy Supply 
Fiscal 1992 (actual) Fiece, 2066 Fiecal 2016 
Acomrdting te extethng renee By, (Ae ae ane ee According te exteting Ce 
policy of wee gaticy Poth ae patie) 
$41 million ki $91 million ki $82 million ki 662 million kl 635 million k! 
Quantity Share Quantity Share Quantity Share Quantity Share Quantity Share 
(%) (%) (%) (%) (%) 
315 $8.2 316 $3.4 308 $2.9 331 50.1 303 47.7 
million ki million ki million kl million ki million ki 
295 $4.5 293 49.5 285 48.9 ci 46.0 277 43.6 
million kl million kl million kl million ki million ki 
15.3 mil- 3.7 17.7 mil- 3.9 17.4 mil- 3.9 20.8 mil- 4.1 20.0 mil- 4.1 
116.3 16.1 134 16.6 130 16.4 140 15.3 134 15.4 
million million million million million 
tons tons tons tons tons 
40.7 mil- 10.6 $4 million 12.8 $3 million 12.9 60 million 12.7 $8 million 12.8 















































lion tons tons tons tons tons 
223,000 10 310,000 12.1 310,000 12.3 480,000 16.2 480,000 16.9 
million million million million million 
kWh (34.4 kWh (45.6 kWh (45.6 kWh (70.5 kWh (70.5 
million million million million million 
kW) kW) kW) kW) kW) 
79,000 3.8 86,000 3.3 86,000 3.4 105,000 3.5 105,000 3.7 
million million milhon million million 
kWh (21 kWh (22.2 kWh (22.2 kWh (26.5 kWh (26.5 
million million million million million 
kW) kW) kW) kW) kW) 
$50,000 ki 0.1 | million 0.2 1 million 0.2 3.8 million 0.6 3.8 million 0.6 
kl kl kl kl 
New energy 6.7 million 1.2 9.4 million 1.6 12.1 2.0 11.5 1.7 19.1 3.0 
forms kl ki million ki million ki million ki 
Total $4) 100.0 $91 100.0 $82 100.0 662 100.0 635 100.0 
million ki million ki million ki million kl million ki 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











« ENERGY 


JPRS-JST-95-021 
11 April 1995 





Table 1. Projection of Primary Energy Supply (Footnotes for Table 1) 





Notes |. Crude oil equivalent is calculated at 9,250 kcal/l and 6.29 barreis/ki. 





2. New energy forms includes solar energy, “black solution” (pulp solution), firewood and charcoal. 





3. The output and plant capacity of hydroelectric power refers to “ordinary” hydroelectric power. 





4. LNG is converted to ton equivalent by 1.712 ton/ki. 





5. Petroleum in this table includes oils and shale oil. 





6. The sum o. shares is not always 100 owing to rounding-off error. 





7. The projection in this table should not be understood too rigidly, since it will vary according to current economic and energy situations. 





2. Exceilent Characteristics of Geothermal Energy 


Geothermal energy as one type of petroleum-alternative 
energy has the following distinguishing features: 


1) Geothermal energy can be entirely produced domes- 
tically. It is inexhaustible and recoverable. As a 
volcanic country, it is one of the new sources avail- 
able in Japan. For example, the utilizable geothermal 
energy in Japan is estimated at about 2.5 million kW 
based on the data obtained from exploration drill 
holes according to NEDO (New Energy and Indus- 
trial Technology Development Organization). 


2) The technology of utilizing geothermal energy has 
already reached a practical stage. Its application fields 
are expected to widen by overcoming development 
risks and reducing development costs. 

3) Geothermal power generation, like hydroelectric and 
nuclear power generation, is not accompanied with 
the production of soot, dust or CO,. In this sense, 
geothermal energy is friendly to the global environ- 
ment. 


4) Geothermal water can be utilized, in addition to 
power generation, in agriculture, fisheries, forestry, 
tourism and many other sectors, permitting multi- 
purpose applications with resulting revitalization of 
local economies. 

Endowed with these excellent features, geothermal 

energy can be termed a clean energy resource matching 

the demand of the age from the standpoint of stabilized 
supply and conservation of environment. 


Il. Present Siteation of Geothermal Power Generation 


1. History of Geothermal Power Generation 


The world’s first geothermal power generation is 
believed to have been performed by Piero Ginoliconti at 
Larudciero, Italy, in 1904. Using steam, he 
drove a 3/4-HP generator and lit five electric bulbs. The 
development of geothermal power generation in Japan 
dates back to 1925 when Dr. H. Tachikawa carried out 
the first experimental geothermal power generation of 
1.3 kW using natural steam in Beppu, Oita Prefecture. 

Large-scale geothermal power started in 1966 
with the construction of Matsukawa Geothermal Power 


Plant in Iwate Prefecture. The geothermal power plants 
operating in Japan at present number ! 1. 

The situation surrounding geothermal power generation 
has undergone considerable changes in recent years. The 
development of geothermal energy as a clean, recover- 
able and purely domestic energy type received a mighty 
impetus because of the two oil crises in 1973 and 1979 
and many developers of geothermal energy started their 
surveys. However, the environment of geothermal power 
development received a setback through the lowering of 
its relative price merit after the drop of petroleum prices 
in 1986 that led to a stabilized supply of this fossil fuel. 


2. Present Situation of Geothermal Power Generation 


As mentioned above, Matsukawa Geothermal Power 
Plant constructed by Japan Metals and Chemicals Co., 
Ltd. for private power generation in 1966 was the first 
large geothermal power plant built in Japan. The geo- 
thermal power plants operating in Japan at present 
number 11: six for electric utilities and five for private 
power generation, with a total generating capacity of 
299MW (Figure 1). 


Six geothermal power plants are in development at 
present with definite construction plans. These new 
power plants, with a total capacity of about 230MW., are 
slated to start operation by FY 1996 (Figure 2). 

On the international scene, overall plant generating 
capacity stood at 6,040MW as of December 1993. The 
United States ranked first with 2,590MW, followed by the 
Philippines with 1,020MW and Mexico with 750MW. 
Japan ranks sixth in geothermal power generating capacity 
in the world. 

3. Tasks and National Policy for Geothermal Power 
Generation in Japan 

The Japanese government is implementing various steps 


for promoting each stage of geothermal energy develop- 
ment. Principal items are enumerated as follows: 


(1) Budget 

1) Subsidies for surveys on geothermal power generation 
As against ¥ 3,960 million in the previous fiscal year, 
¥4,292 million was appropriated in the budget of 
FY 1994. 

The government takes the initiative in nationwide com- 


prehensive surveys regarding geothermal resources. Sur- 
veys have been conducted since 1980 with the purpose of 
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inducing private-sector development since 1980 over an area 
of 50-70 km? with a survey period of three years in principle. 
The survey regulations, centering on the selection of 
survey sites and the introduction of methods for 
assessing the quantity of available geothermal resources, 
were revised drastically in FY 1992 so as to facilitate the 
transition to private-sector development by reducing 
risks. As a result, three types of survey programs (A, B 
and C) were established taking into account the local 
characteristics and existence or absence of previous data 
to enable suitable selection. 

The standard area and period of surveys in each category 
were fixed as follows: 


Survey A: 100-300 km?, three years 
Survey B: 50-70 km?, three years 
Survey C: 5-10 km?, four years. 


The surveys are to be conducted with sufficient assessment 
in each stage of the project. 

In order to correctly evaluate production capacity in 
geothermal areas, research is mainly directed at the eval- 
uation methods of geothermal reservoirs, development of 


In the budget of FY 1994, ¥ 91 million was appropriated 
(¥ 169 million in FY 1993). 


The burden of interest rates occupies a substantial per- 
centage of the construction cost of geothermal facilities, 
since huge funds and long periods of time are needed for the 
development of geothermal resources from the initial stage. 
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Hence, the state will grant, as hitherto, 50 percent subsidies 
for the cost of drilling exploration wells which is attended 
with a considerable risk during the initial stage (to be 
refunded on success). After FY 1992 interest subsidies are 
given to the sites (where steam production of over 100 
tons/h is confirmed) also in the later stages of survey. The 
New Energy Foundation is provided with the funds for the 
interest subsidy to financial institutions which extend low- 
interest loans to drilling of exploration well projects. 

The interest subsidy rate is fixed at one-half of the most 
favored prime rate for long-terms loans, or the prime 
rate minus 3.5 percent in case the prime rate itself is less 
than 7 percent. 


4) Commission costs for the survey on environmental 
protection and demonstration of geothermal plants 


As against ¥ 80 million in the previous fiscal year, ¥ 110 

million was granted in FY 1994. The protection of the natural 

environment and due assessment of effects on environment 

are essential in the development of geothermal power plants. 

Geothermal organizations are developing methods for evalu- 

ating effects on the environment and the technology for 

environmental protection since many geothermal plants are 

located in natural parks and hot-spring resorts. Demonstra- 

tion tests are conducted for technologies developed hitherto 

in order to expand their application fields. 

(2) Treasury Investment and Loans 

(Loan) 

Japan Development Bark: 

e Energy diversification: 4 percent interest; 60 percent 
loan ratio 


e Regional development: 4 percent interest; 60 percent 
loan ratio 


Hokkaido-Tohoku Development Corp.: 

e Preferential interest subsidy: 4 percent interest; 60 
percent loan ratio 

(Investment) 

Japan Development Bank: 

e Regional development: Loan ratio:60 percent of capital 


Ill. Problems and Future Prospects of Geothermal 
Power Development 


1. Problems Related to Geothermal Power Development 


At its committee meeting in 1991, NEDO discussed 
various tasks and problems related to geothermal power 
development from the administrative standpoint. The 
results of this deliberation are roughly summarized by 
the following three points: 


(1) The development of new geothermal resources is still 
attended with numerous risks, which tend to dampen 
the zeal of developing firms and electric utilities 
companies. The development risks are divided into the 
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prospecting risk and the enterprise risk. The former is 
ascribed to the difficulty of accurately evaluating three 
elements of geothermal projects, namely: the tempera- 
ture of underground geothermal resources, the move- 
ment of geothermal fluid and the reservoir structure of 
the fluid. The latter risk is due to the uncertainty of 
when and by what price the generated steam can be sold 
to electric utilities. 

(2) The unit cost of generating geothermal energy is some- 
what higher than that of thermal energy by the present 
state of technology. ing to recent examples, the 
time needed from the start of the survey till actual plant 
operation (the development lead time) comes to more 
than 15 years in case the scale of the geothermal power 
pele oy pp tery yah > me ge 
little scale merit. The interest burden of the developing 
firms becomes extremely severe. In addition, the cost 
for drilling production wells in Japan is regarded as 
much higher compared with abroad. 

(3) The laws and regulations related to geothermal 
power sometimes stand in the way of smooth devel- 
opment. In Japan, in particular, the development 
work in national parks and natural parks is placed 
under severe restrictions. Many promising geo- 
thermal sites are located in natural parks and that 
hampers profit-making development projects. Other 
promising sites are located in hot-spring regions, and 
the adjustment of conflicting interests with hot- 
spring enterprises leads to difficulties in many cases. 


2. Future Promotion of Geothermal Development 


In order to solve the problems at tending geothermal 
development as explained in Section III-1, the Agency of 
Natural Resources and Energy has been aiding develop- 
ment through the above-mentioned expansion of budget 
measures, treasury investment and loans. It is hoped that 
the establishment of rules related to geothermal power 
development, as mentioned below, will expedite future 
development projects. 


1) Introduction of basic concept for fixing the steam price 


The Federation of Electric Power Companies formulated a 
basic concept for fixing the steam price in April 1994 in 
order to reduce the risk incurred by geothermal power 
developing companies and to support the development 
projects. By this concept the rough standard price at which 
the steam can be sold to electric utilities companies will be 
indicated to the geothermal development firms beforehand. 


2) The establishment of guidelines for the cooperation of 
electric utilities companies and geothermal developing firms 
The mode of cooperation, including development proce- 
dures, is being formulated so as to promote cooperation 
between electric utilities companies and geothermal 
developers under closer exchange of information. 


3) Standardization of assessing methods of geothermal 
resources 
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The assessing methods of geothermal resources have not now being drawn up by related quarters, are hoped to 
been standardized yet. Guidelines for standardization, shorten the development lead time. 





Table 2. Geothermal Power Generation Capacity by Country 







































































some Site of GPP Ounpet capactty (MW) Ontpet by commcry (IW) 
* Unleed States The Geysers 1,721 2,594 
Coso 23% 
Salton Sea 236 
Heber + 
East Mesa 101 
Dixie Valley 50 
Other 203 
Philippines Tongonan 112.5 1,016.5 
Tiwi 330 
Mak-Ban 330 
Palimpinon 134 
Bac-Man 110 
Mexico Cerro Prieto 620 753 
Los Azufres 98 
Los Humeros 35 
Italy Pomarance (Lardereilo) 281 637.3 
Castelnuovo ae 
Monterotonde 86 
Radicondoli 90.8 
Monte Amiata 78.8 
Sasso Pisano §2.7 
New Zealand Wairakei 157.2 285.7 
Ohaaki 116 
Kawerau 10 
Other 2.5 
Japan 270.06 270.06 
* indonesia Kamojang 140 144.5 
Dieng 2 
Lahendong 2.5 
El Salvador Ahuachapan 95 105 
Berlin 10 
Kenya Olkaria 45 45 
Iceland Namafjall 3.2 50.8 
Krafla #0 
Svartsengi 17.1 
Other 0.5 
Nicaragua Momotombo 70 70 
* Turkey Kirildere 20 20 
China Yangbajang 25.78 25.78 
Taiwan Tu-Chang 0.3 0.3 
* Russia Pauzhetskya rT 1 
France Guadeloupe 4.2 42 
* Azores Pico Vermelho 3 3 
” Greece Milow 2 2 
* Romania Oradea 2.1 21 
” Thailand Fang 0.3 0.3 
” Zambia Kapisya 0.2 0.2 
Total 6,040.74 














Source: Japan Geothermal Survey Association and Geothermics 1993 No. 3() 
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Development of Hot Water Power Generation 
Ptants and Other Facilities 


43070036C JAPAN 21ST in English 1 Mar 95 pp 44-47 
{Article by Kunio Ishibashi, director 


[FBIS Transcribed Text] 
1. Foreword 
Geothermal energy is a subterranean power source 


The vast volume of geothermal water of medium to high 
temy tature and hot dry rock is left untapped under- 
ge ad and the technology to utilize it for electric power 
generation has not yet been established. It is an urgent 
task to develop methods for the development and utili- 
zation of these resources. 


NEDO is promoting the “Development of Power Gen- 


, ect.” Spe- 
cifically, it is aimed at the development of technology for 
expanded utilization of still untapped geothermal 
resources (hot water and hot dry rock); development of 

for cost reduction of geothermal resources 
development; and development of technology for 


exploiting deep-seated geothermal fluid such as drilling 
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geothermal power generation capacity and the develop- 
ment of deep-seated geothermal resources. 


2 Bovehgment of Binary Cyele Power Genesation 
Technology 


NEDO is endeavoring to establish technology for binary 
cycle power generation permitting the utilization of 
geothermal fluid resources of medium to high tempera- 
ture which are known to exist in vast quantities in Japan. 
According to this method, the downhole pump driven by 
a submerged motor is installed in the geothermal well to 
pump above ground the geothermal hot water which has 
no power to flow by itself. Energy contained in hot water 
is then transferred to a working fluid of low boiling point 
$O as to generate vapor of the fluid, raising its pressure 
high enough to drive a turbine for power generation. 


At the same time, NEDO is developing the technology 
for increasing geothermal energy recovery and of a 
MWD (measurement while drilling) system for geo- 
thermal wells as technologies for supporting binary cycle 
power generation and also for reducing the development 
cost of geothermal power generation. 


1 of a 1OMW Demonstration 
oma ~ 


As regards the utilization of medium- to hot-temperature 
geothermal water which lacks the power to flow by itself, 
NEDO is carrying out the “Development of a 1|OMW 
Demonstration Plant” based on the above-mentioned 
mm power generation using a downhole pump 























Figure 1. Flew Diagram of a Binary Cycle Power Plant 
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Devetopareat of Downbete Purp 


Conventional geothermal power generation in Japan uses 
a a ee 
water that has little or no capacity to flow to the surface is 
scarcely utilized. For this reason the development of binary 


effectively 
(150-200°C), an untapped natural resource. 


To develop the DHP, first of all, development targets 
nad tn Soest and Se gus eepuapenens Saas 
results from previously conducted well investigations, 
we proceeded with the development of the DHP by 
setting a maximum hot water temperature of 200°C and 
a pump installation depth of 300-600 meters as usage 
conditions for the application stage. Although various 
types of DHP options were considered, we finally 
decided to develop a high-efficiency, wide-application, 
submersible motor-driven DHP. This pump will be the 
first type of DHP for actual use in the worid, and the core 


technology of the binary cycle power generation system. 






































Figure 2. General Configuration of 2 DHP 
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Figure 3. Concept of MWD System 





more complex than that of oil fields and the rock 
surrounding geothermal reservoirs is harder than that 
surrounding oil reservoirs. Therefore, NEDO is working 
to make MWD equipment that can be used for drilling 
harder rock at 200 degrees centigrade. 


of s Hot Dry Rock Power Generation 
ices Deseiapenans of Eiteonany Pookachapes 


, water is injected i 


| ! 
f 


well, flowed through the fractures and ejected from the 
production wells. The resource of HDR in Japan was 
assessed as 40 GW. Therefore, Japanese geothermal 
technologies are developed. 


Water loss during the circulation was less than 20 
percent, and the thermal energy of the produced steam 
and hot water was about 8MW. 


Afterwards, one of the wells was deepened and a 2200- 
meter-deep reservoir was made under the existing 1 800- 
meter-deep reservoir. In 1993 and 1994, two production 
wells were deepened to penetrate the 2200-meter-deep 
reservoir. Two ycars’ circulation through the 2200- 
meter-deep reservoir is planned to evaluate the geo- 
thermal energy and the lifetime of the reservoir. 
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Figure 4. Concept of 2 Het Dry Rock Power Generating Plant 
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Figure 5. Conceptual Figure fr Development 
4. Development of Utilization Technology for NEDO Projects To Develop Geothermal Energy 
Deeg Seated (rothermal Resources Resources 


Due to recent geothermal development in Japan, more 
extremely promising geothermal resources have been 
discovered in deeper parts of reservoirs already being 
exploited. NEDO started the “Development of Utiliza- 
tion Technology of Deep-Seated Geothermal Resources” 
in FY1992. The R&D consists of two main items: 
drilling technology and production technology. Drilling 
technology encompasses highly advanced drilling bits, 
drilling mud, cement slurry, and down hole motors, 
while production technology is composed of PTSD log- 
ging techniques and reservoir monitoring techniques 
(PTC, tracer, scale). The R&D is focusing chiefly on 
manufacturing drilling tools and measurement tools. 
These tools are required for efficient and reliable work in 
the severe conditions of deep-seated reservoirs. Funda- 
mental materials and mechanical parts which will be 
applied to the tools have been tested and selected in the 
R&D. 


43070036D JAPAN 21ST in English 1 Mar 95 pp 48-51 


[Article by Yuichi Ebita, director, Geothermal Energy 
Survey Department, New Energy and Industrial Tech- 
nology Development Organization (NEDO)} 


[FBIS Transcribed Text] Japan is one of the major volcanic 
countries in the world and is favored with abundant geo- 
thermal resources. Geothermal energy, a domestic energy 
resource in the real meaning of the word, can be utilized for 
power generation, and is expected to be beneficial to the 
local communities through multipurpose utilization. Geo- 
thermal resource is a clean energy and oil alternative energy 
(therefore environmental impact is less than other energy 
resources), and its development is highly expected. 


However, circumstances to develop geothermal energy 
have recently changed to be quite severe, owing to the 
rapid elevation of yen exchange rate and the stabilization 
of crude oil prices at a lower level. 
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The New Energy and Industrial Technology Development 
Organization .(NEDO), which is expected to lead the 
development of geothermal energy in Japan, is actively 
supporting the survey of geothermal resources and the 
development of exploration technology. The Geothermal 
Survey Department is carrying out the geothermal devel- 
opment promotion survey to confirm the existence of 
resource and to study the effects on the environment, the 
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development of high precision technology for exploring frac- 
ture-type reservoirs, the distribution and availability of deep- 
seated geothermal resources for practical utilization, and the 
demonstration test of small- and medium-sized geothermal 
binary power generating systems for effective utilization of 
untapped geothermal energy. The NEDO organization for the 
geothermal resources survey and exploration technology 
development is shown in Figure 1. 
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Figure 1. Sarveys of Geothermal Reseerces Currently Being Carried Owt by NEDO 
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1. Geothermal Development Promotion Survey 


The development of geothermal energy will proceed in 
five steps: selection of prospective area, district survey, 
selection of detailed survey site, survey for commercial 
development and installation of power plant. The initial 
survey requires much risk and enormous cost, because of 
a lack of available information, the width of area to be 
covered, the necessity of many kinds of surface survey 
and exploratory wells drilling, and the possibility to fail 
and possible failure of development. 


NEDO is carrying out a geothermal development pro- 
motion survey to take initial exploration risks since 
foundation for the purpose of leading private enter- 
prisers to develop the field and then to drill production 
wells and reinjection wells. 
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From fiscal 1991 on, the survey program was divided 
into three stages (Surveys A, B and C), varying the scale 
and the content, depending on regional promising grade 
and existing data. Particularly, Survey C is programmed 
to conduct pre-feasibility study within four years, by 
drilling production size exploratory wells, a long-term 
production test and then estimation of potential. 


Geothermal development promotion surveys have been 
executed at areas up to now, of which 38 surveys were 
finished with acquisition of ample data (Figure 2). In fiscal 
1994, surveys will be conducted in seven areas, as con- 
tinued projects at Mt. Shibetsu Area, Hokkaido (Survey 
A), Wasabizawa Area, Akita (Survey C), Mt. Mannen 
Area, Oita (Survey A), Shiratori Area, Miyazaki (Survey 
C), and as new projects at Himekawa Area, Niigata/ 
Nagano (Survey B) and Iwate/Fukushima (Survey B). 





WD Survey areas: the areas where the survey is still 


Conrigte.. 





P 


progressing are underlined. 
A signifies Survey A.C signifies Survey C. while all others belong to Survey B. 


























Figure 2. Location of Geothermal Development Promotion Survey 
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During Surveys B and C, a liaison office is installed at 
each area to manage the work and to deal with local 
problems. As one means for environmental assessment, 
digitized topographical data were analyzed from a view- 
point of landscape, and biological environment is 
studied by graded factor of precious animals and plants 
distributions. 

In order to reduce the cost of drilling of exploratory 
wells, an open bidding with technical proposal was 
introduced, so that both domestic and overseas drilling 
companies can participate in the bidding. 


II. Dissemination of Geothermal Reservoir Evaluation 
Technology 


NEDO developed two simulators for geothermal reser- 
voir evaluation by 1992 and will put to open trial 
operation in 1995; one is a reservoir simulator “SING 1” 
to reproduce the flow of hot water and steam in a 
reservoir and to predict the behavior of steam and hot 
water after starting steam production and hot water 
reinjection; and the other is the two phase flow simulator 
“WING” to calculate fluid flow from the production 
well and to predict the well characteristics. 


III. Demonstration Test of Small-Scale Binary 
Geothermal Power Generation System 


The purpose of demonstration test of small and medium 
scale binary cycle generating plants are to utilize hot 
water of medium temperature (80-150°C) for power 
generation by using working fluid of low boiling temper- 
ature, and then to promote the diffusion of the devel- 
oped plant throughout Japan, where low temperature hot 
water (80-150°C) is not utilized. The project has been 
carried out since 1991 as a seven-year plan, involving 
three steps: (1) strategies of dissemination and commer- 
cialization, (2) development of 100-kW small-scale 
binary cycle generating plant, and (3) development of 
500-kW medium-scale binary generating plant. Cur- 
rently, an economic assessment system has been con- 
structed to estimate the power generation cost, and 
studies on the operation of a 100-kW system are under 
way at Hatchobaru Plant, Oita. In addition, design and 
manufacturing of a 500-kW system have been initiated. 


IV. Development of Geothermal Exploration Technology 


This project has been conducted since fiscal 1980 for the 
purpose of developing, improving and establishing the 
geothermal exploration technology, which is supposed to 
be useful in promoting the development of geothermal 
resources in Japan. 


From FY1980 to FY1988, the effectiveness of various 
exploration technologies were evaluated by conducting 
various geophysical explorations at two geothermal 
areas: Sengan Area (Akita and Iwate Prefectures) and 
Kurikoma Area (Miyagi Prefecture), which were the 
representative geothermal areas in Japan. The results 
were compared by well data to check the effectiveness of 
each exploration technology. 
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From FY 1984 to FY 1988, equipment and analysis tech- 
niques for the high-precision magnetotelluric method, 
which was regarded as effective for collecting data on 
geothermal fluid, were developed. 


From FY 1988, geotomography technology using electro- 
magnetic method, seismic method and micro- 

method has been pursued for the purpose of 
establishing an effective method to prospect fracture 
ae, Si GEN & Go GUNNS Gel etn 


In FY 1993, seismic tomography was carried out at an 
experimental field in Kokonoe, Oita, for the purpose of 
clarifying the shallow structure and improving the accu- 
racy of horizontal resolution. A fracture model of the 
RED Soe aD CEREUS Ny COD GEE and 


hydrographic studies. 


For the electromagnetic tomography, hardware such as 
transmitter and receiver of arrayed CSMT method was 
developed, and the receiver function was improved to 
measure natural electromagnetic signal (0.1-1000 Hz), 
and then data processing software was improved (Figure 
3). The arrayed CSMT method combined with the 
magnetotelluric (MT) method was applied at Shibetsu, 
Hokkaido, and its effectiveness was demonstrated. For 
the micro-earthquakes tomography, the programs were 
modified to improve reliability and to simplify the 
operating system. 


In fiscal 1994, seismic reflection survey and vertical 
seismic profiling (VSP) were conducted at the Kakkonda 
Area, Iwate Prefecture, and the reflection from Kak- 
konda granite body or foundation rock was successfully 
detected. The VSP testing was carried out with a deep 
well (WD-1) which had been drilled down to a depth of 
1500m. 


V. Deep-seated Geothermal Resource Survey 


This survey was initiated in fiscal 1992 under the Third 
Session of the nationwide geothermal resources explora- 
tion project to clarify the possibility of utilizing deep- 
seated geothermal resources to make a daft of the 
development guideline. As this project was finished, the 
project was transferred to Confirmation Study of the 
Effectiveness of Prospecting Technique for Deep Geo- 
thermal Resource in fiscal 1993, which involves research 
and development for a deep-seated geothermal resource 
from viewpoints of reservoir modeling, surveying tech- 
nology, drilling technology and utilization of fluid in the 
six-year project, and which includes a deep well (WD-1) 
of 4000m drilling at Kakkonda Geothermal area, Iwate 
Prefecture. 


In fiscal 1993, WD-1 was drilled from 605m to 1505m 
following the boring work in fiscal 1992. After the 
drilling work, many kinds of geoscientific studies such as 
core analysis and well loggings were conducted. At the 
beginning of the fiscal 1993 project, the following plans 
were made: simulation plan of electrical resistivity 
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Figure 3. Arrayed CSMT Exploration System 





survey between surface and well, preparation of specifi- 
cation for artificial fluid inclusion survey, plan of seis- 
mometer network for micro-earthquake survey, and plan 
for corrosion test of casing materials and surface facili- 
ties. In addition, elastic velocity survey around deep well 
was conducted by well shooting for the purpose of 
improvemeni of micro-earthquake survey. 


In fiscal 1994, resistivity survey and artificial fluid 
inclusion survey were followed by drilling WD-1 down 


to about 2950m (Figure 4). Regarding drilling tech- 
nology, the top drive system will be applied to the 
geothermal project for the first time in the world, and a 
new mud cooling technology will be tried to improve the 
cooling efficiency, using a geo-cooler. The MWD test will 
be conducted. As surface surveys, arrayed CSMT 
method and isotropic investigation of meteoric water 
will be implemented. In the latter half of fiscal 1994, 
micro-earthquakes were observed continuously. Further- 
more, the foundation work for reinjection well drilling 
and the production test commenced. 
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Figure 4. A Large Boring Machine for Deep Investigation Well, To Be Used for Full-Scale Boring of 4,000m 
Geothermal Well 
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Figure 5. Velocity Tomogram and Acoustic Logging Data 





Developing Technology for Non-Utilized 
Geothermal Resources 
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[Article by Michio Kuriyagawa, director, Geotechnology 
Department, National Institute for Resources and 
Environment] 


[FBIS Transcribed Text] 


The Character of Reservoir Created at Hijiori Hot Dry 
Rock Test Site 


Introduction 


Under the New Sunshine project administered by the 
Ministry of International Trade and Industry (MITI), 
field tests were started to develop a heat extraction 
system in hot dry rock at Hijiori caldera in Yamagata 
Prefecture in 1984 (Figure 1). Since then, three circula- 
tion tests were to evaluate the reservoir 
created at a depth of about 1,800m. In the fluid circula- 
tion test (Exp. 9102) with one injection well and three 
production wells in 1991, the PTS (pressure- 
temperature-spiner) profiles were obtained along the 
production wells in addition to the surface monitoring of 
the pressure, temperature and flow rate. From the results 
of PTS logging, we observed that the injected fluid was 
produced from different depths of each production well 


after flowing through several independent fractures 
during pumping. We also ran tracer tests to learn the 
flow paths in the fracture. 


Heat Extraction Test 


Heat extraction test (Exp. 9102) was conducted for three 
months by injecting fluid into SKG-2 and producing 
from three production wells HDR-1, HDR-2 and HDR- 
3. Trajectories of these wells are shown in Figure 2. This 
test was started on 6 August 1991 and conducted for 90 
days. The purpose of Exp. 9102 was to estimate hot dry 
rock reservoir characteristics created at a depth of about 
1,800m. Most of the pumping was done at a rate of 16.7 
kg/s except for an initial period of the test. In this period, 
the injection flow rate was increased for a short time to 
twice or three times to improve the connectivity of 
fractures between the injection and production wells and 
to promote AE (acoustic emission) generation for 
detecting the flow paths in the reservoir. 


Hot water production was continued from three wells 
from September 23 to November 3. The ratio of total 
amount of hot water and steam from three production 
wells—HDR-1, HDR-2, HDR-3—was 1.0, 2.3, 2.4, 
respectively, in this period. As the production from 
HDR-2 and HDR-3 was more than twice as high as that 
from HDR-1, it is estimated that fractures from SKG-2 
to HDR-2 and HDR-3 were more permeable than those 
to HDR-!. Of the total injected water, 80 percent was 
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Figure 1. Lecation of Injection Well SKG-2 and Preduction Wells HDR-1, HDR-2, and HDR-3 





recovered. The production temperature of HDR-1! 
increased to about 18°C at the end of the test, while the 
temperature of HDR-2 decreased from 180°C to 150°C. 
The production temperature of HDR-3 increased to 
160°C at the early stage of the test and then kept 
increasing gradually to 170°C. 


Three tracer tests were performed. In these tests, in 
addition to KI and KBr which were standard tracers for 
geothermal reservoir exploration, Na,Wo, - 2H,O 
(sodium tungstate dehydrate) and (NH,),Mo,O0,, - 
4H,O (ammonium molybdate tetrahydrate) were used. 
Two kinds of tracers were dissolved in the tank and 
injected into the well for each test. Fluorescein was also 
added to these tracers in the last two tests. 


Calculation of Heat Exchange Area 


During Exp. 9102, PTS logging was periodically carried 
out along the openhole section of three production wells 
once a week. The pressure, temperature and flow rate 


were measured. As shown in Figure 2, the number of 
outflow points where hot water flowed into the produc- 
tion well was five in HDR-2 and four both in HDR-1 and 
HDR-3. The flow rate from each outlet point in HDR-3 
was scrutinized. The amount of flow from outlet point 3 
at a depth of 1754m was 60 percent of the total flow from 
all feed points in HDR-3. We attempted to estimate the 
heat extraction area of fracture from SKG-2 to outlet 
point 3 of HDR-3. 


In the tracer test which was carried out at 14 days (19 
August) and 58 days (2 October), the peak concentration 
of the tracer was obtained about one hour and thrive 
hours, respectively, after the injection of tracer into 
SKG-2. We calculated the change of tracer concentration 
with time using FEHM (finite element code for heat and 
mass transfer) and compared with measured value. We 
concluded that the best match will be obtained with the 
fracture dimension of 82m in length, 70m in width and 
6mm in aperture. We repeated the same procedure to 
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Figure 2. Trajectories of Wells at Hijieri Test Site 





guess the fracture dimension using the tracer concentra- 
tion data obtained on 2 October. We estimated the 
fracture dimension in this period was 82m in length, 
120m in width and 12mm in aperture. 

The production temperature at outflow point 3 was 
calculated using these two fracture models. Calculated 
iemperature agreed well in each period with the mea- 
sured temperature. We conclude that the fracture with 
the initial dimension of 82m x 70m x 6mm increased to 
re Cans abs See 
Exp. 9102. 


Development of the DCHE Heating/Cooling Systems 
The National Institute for Resources and Environment 


has been ing research on the downhole coaxial 
heat (DCHE) for the purpose of developing 
deep-seated and hi geothermal resources 


such as hot and wet basement rocks (low productivity 
convective layers) and extra hot basement rocks close to 
magma. In addition, we have recently started a study on 
the application of DCHE for heat extraction from very 
shallow and low-temperature layers (shallow, low-grade 
geothermal reservoir). 


DCHE (Figure 3), as proposed by the National Institute 
for Resources and Environment, has the following dis- 
tinguishing features: 1) high-performance insulated 
inner pipe is used; 2) the reverse circulation system (in 
which water is injected into the ring-shaped space 
between the case wall and the inner pipe to extract hot 


road snow melting system. As shown in the diagram, the 
seasonal average COP for the entire system is estimated 
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Figure 3. Concept of Downhole Coaxial Heat Exchanger 
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Figure 4. House Heating System Using DCHE With Heat Pump 





at about 4.3, —y |. ~~ eae 
be achieved for this system. 


The test results obtained hitherto indicate that the oper- 
ating costs of the DCHE snow melting system come to 
only one-seventh of the conventional electric heater and 
one-fourth of the gas boiler. This means that the DCHE 
system permits a drastic reduction of CO, emission. In 
addition, overall costs for snow melting, including con- 
struction and operating costs, are much lower than these 
two conventional systems. 


The research results on DCHE heating/cooling system 
(iacteding snow melting system) available to dete have 


system is provided with a potential to make a substantial 
contribution to the problems of global environment and 
energy supply. 


We intend hereafter to work for further reduction of 
construction costs and higher system efficiency in order 
to expedite the diffusion of this energy-saving system in 
Japan. 


a SSeS Ca Cp 


The MWD (measurement while drilling) system, which 
transmits at real time the information on downhole 
conditions to the surface, has come to be used widely for 
monitoring the progress of drilling in deep subterranean 
wells and inclined wells (Figure 6). The optimal control 
of the drilling operation becomes possible through 
grasping of data on drilling and downhole conditions by 
this system including the information on the conditions 
of thermally fractured zone and bit abrasion. Namely, 
accurate monitoring of downhole conditions enables the 
setting of drilling parameters most suitable for the layer 
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Figure 5. Coefficient of Performance for DCHE Read Snew Melting System 





in question and the prevention of various downhole 
problems. This will lead to higher drilling efficiency and 
reduction of costs. 

This research is aimed at establishing the technology for 
grasping the above-mentioned information of downhole 
conditions by means of such ——— era oS 


gation of the relationship of this information to the rock 
type and the bit abrasion, respectively. 
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GERD’s Geothermal Energy Development analytical software by employing the technology our- 
Programs selves. Because we are well aware of the importance to 
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[Article by Shinji Takasugi, general manager, Depart- 
ment of Research and Development, Geothermal 
Research and Development Co., Ltd. (GERD)} 


[FBIS Transcribed Text] 


Foreword 


Due to the Middle East War in 1974, we were faced with 
a so-called energy crisis, such as a shortage of oil for 
industry, a steep rise in energy prices, etc. This triggered 
the Agency of Industrial Science and Technology (AIST), 


GERD was established to carry out part of the Sunshine 


Project in November 1975, with investment from 25 
private companies (now 32). Our company’s aims are to 
develop technology related to geothermal exploration, 


production of geothermal resources, environmental 
maintenance and so on. And then to promote geothermal 
energy development in Japan. 


GERD also has a consulting business for geothermal 
energy development. We have applied technology devel- 
oped by our R&D and have introduced a lot of excellent 
foreign technology, in cooperation with about 40 foreign 
organizations. 


Consulting Business 

We try to introduce common and valuable technology 
used overseas to Japanese geothermal developers. When 
we introduce new technology, we not only make a 
technical tie-up with the organization, but also develop 


the client of interpreting the data acquired by new 
SEE WG CONS, SIGES GEIS © ane 
technology as vital. 


Research and Development 


Over the last 10 years the Sunshine Project has been 
concerned with nine major subjects, with cooperation 
from other companies. 


We are currently involved with the following four sub- 

jects: 

(a) Development of hot dry rock power generation tech- 
nology, 


(b) Development of measurement while drilling system 
for geothermal wells; 

(c) Deep-seated geothermal resources survey; 

(d) Development of drilling and production technology 
for deep-seated geothermal resources. 


In this paper, I will outline the projects related to 
deep-seated geothermal resources, which started in 1993. 


Projects Related te DSGR 


We have learned deep-seated geothermal resources 
(DSGR) have a much higher enthalpy than shallow ones. 
It is expected that accessible geothermal resources will 
increase tremendously using DSGR. 


Therefore, NEDO (the New Energy and Industrial Tech- 
nology Development Organization) has started two 
projects, the DSGR survey which is aiming to drill a 
4,000m deep well into neo-granite basement rock, and 
ae CS a aw 
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GERD is engaged in the developments of the resistivity 
exploration method and the fluid inclusion method, 
which are part of the DSGR survey. In this research 
project, the multi-frequency array induction logging 
(MAIL) and the vertical electromagnetic profiling survey 
(VEMP) have been done during intervals in the drilling. 
To interpret the data, software for a joint analysis of 
these new electromagnetic methods will be developed. 


GERD is also conducting research into the following 
aspects of the development of drilling and production 
technology for DSGR; a downhole motor for drilling and 
PTSD (pressure, temperature, spinner, and density) log- 
ging technology and a PTC (pressure, temperature, and 
chemical components) monitoring system for production. 


The GERD Journal 


We publish a journal called “Journal of the Geothermal 
Energy Research and Development Co., Ltd. (GERD)” 
twice a year. Each issue consists of about 70 pages, 
mainly reporting on geothermal energy R&D under the 
Sunshine Project. If you are interested in subscribing to 
our journal, please contact me by fax (81-3-3666-5289) 
or Email (KYCO4752niftyserve.or.jp). 0 


JMC Working To Develop Geothermal Resources 
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[Article by Akio Takimoto, managing director and 
general manager, Geothermal Division, Japan Metals 
and Chemicals Co., Ltd.] 


{[FBIS Transcribed Text} 


The Company's Outlook 


Japan Metals and Chemicals Co., Ltd. (JMC) was estab- 
lished in 1917 as a manufacturer of ferro alloys which are 
indispensable as auxiliary materials for steel making. 
JMC’s advance into geothermal power generation was 
motivated by the need to secure the electric power 
needed for operating submerged arc furnaces, the equip- 
ment for making ferro alloys. The company’s business 
scope has been gradually expanded since its establish- 
ment, ranging over chemical fertilizers, electronic mate- 
rials and computer software. JMC’s activities are making 
substantial contributions to many sectors of society. 


Matsukawa Area (Iwate Prefecture) 


Geothermal development by JMC was touched off in 
1952 when a prospecting well drilled in quest of a hot 
spring here caused an abnormal eruption of a large 
quantity of steam. The first geothermal power station in 
Japan was built on this site in 1966 to supply electricity 
to a ferro alloy plant. As the eruption of steam alone is a 
rare phenomenon, Maisukawa is often compared to 
geysers in the United States. The capacity of this power 
plant was gradually expanded and at present it is 
providing stabilized output of 23.5MW. 
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The natural ventilation type cooling tower, with a height 
of about 46 meters rearing up in the valley, harmonizes 
well with the surrounding scenery and has become a 
notable sightseeing spot. 


Kakkonda Area (Iwate Prefecture) 


The success in Matsukawa became a great stimulus for 
the development of geothermal resources in other 
regions. JMC conducted joint development with an 
electric power company in the Kakkonda Area which is 
located across a mountain from Matsukawa. As this 
locality is a so-called water dominated area, several 
problems had to be solved such as the separation of 
steam and hot water, the reinjection of hot water into 
underground layers and the interference of reinjected 
water with production wells. A geothermal power station 
was built here in 1978 with a rated output of SOMW. 
This project was characterized by the division of labor 
with JMC undertaking the production of steam and an 
electricity utility company undertaking power genera- 
tion. JMC thus became the first sales company of geo- 
thermal steam in Japan. Kakkonda plant started its 
operation in the midst of the oil crisis and geothermal 
energy came into the focus of general attention as a 
“domestically produced, clean and recoverable energy” 
in Japan. The success of this plant exerted a favorable 
effect on the state’s energy policy. 


The “Geothermal Hot Water Reinjection System” devel- 
oped in this area by JMC was commended by the state and 
the electric power company as an outstanding technology. 


The Kakkonda II Project is progressing in parallel and is 
— to start operation in 1996 with a capacity of 
OMW. 


Mori Area (Hokkaido) 


Mori Geothermal Power Station, built in a joint project 
of JMC and an electric power company, started opera- 
tion in 1982 with an output of SOMW. The geothermal 
reservoir in this area is characterized by a caldera 
structure. As the wells tend to be clogged by scales of 
calcium carbonate, we have established a technology for 
injecting a scale inhibitor into wells through tubing pipe 
in order to prevent the growth of scales and thereby to 
ensure stable steam production. 


GRC Pioneer Award 


As mentioned above, JMC has been promoting geo- 
thermal development projects in three areas with 
entirely different geological features. Our company 
received the GRC Pioneer Award from Geothermal 
Resources Council in 1990 for its success in Matsukawa 
and persistent activities in the development of 
geothermal resources. 


Japan ranks fifth in the world in total power generation 
capacity of geothermal equipment. The JMC Group 
boasts a share of 41 percent total domestic geothermal 
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power generation capacity of 300MW, and we believe 
that our efforts in the past have won high appreciation 
from the electric power industry. 


R&D and International Cooperation 


JMC with its numerous able engineers is in a position to 
offer wide expertise related to prospecting, drilling and 
plant design. Besides the maintenance work of already 
existing facilities, these engineers are pursuing their own 
research and development, including participation in the 
state R&D projects promoted mainly by NEDO (New 
Energy and Industrial Technology Development Organi- 
zation) as well as overseas cooperation with JICA (Japan 
International Cooperation Agency). A production well of 
4,000 meters in depth, the deepest in Japan, is being 
drilled for the Deep-Seated Geothermal Resources 
Survey starting in 1993. 


Geothermal Engineering Co., Ltd. (Geo-E), a company 
of the JMC Group, has been offering diversified explo- 
ration and drilling technology incorporating its rich 
experience and technical know-how accumulated over 
the past 20 years as a torch-bearer of geothermal devel- 
opment. 


Tohoku Electric’s Geothermal Resource 
Development Projects 
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[Article by Minoru Morikuni, senior officer, general 
manager, Thermal Power Department, Tohoku Electric 
Power Co., Inc.] 


[FBIS Transcribed Text] 


Abundant Geothermal Resource in Tohoku 


Geothermal power is one of the relatively abundant 
energy resources available in Japan proper. The Tohoku 
District of northeastern Japan is believed to account for 
about 30 percent of geothermal power resources existing 
in our country. There are five geothermal power stations, 
including private plants, in this area with a total 
approved generating capacity of 123,000 kW, or 41 
percent of Japan’s total geothermal power generating 
capacity. 


The development of geothermal resources by Tohoku 
Electric Power Co., Inc. started in 1978 with the putting 
into commission of the Kakkonda Geothermal Power 
Station in Shizukuishi-cho, Iwate Prefecture, with an 
output capacity of 50,000 kW, and then commercial 
operation of Uenotai Geothermal Power Station in 
Yuzawa City, Akita Prefecture, with an output capacity 
of 27,500kW started in 1994. 


Based on the experience accumulated in the course of 
this project, Tohoku Electric Power is carrying out the 
development of three additional geothermal power sta- 
tions at Sumikawa, (Kazuno City, Akita Prefecture), 
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Yanaizu-Nishiyama, (Yanaizu-cho, Fukushima Prefec- 
ture), and the No. 2 Unit of the Kakkonda Geothermal 
Power Station in Shizukuishi (Figure !). 














Figure 1. Geothermal Power Stations and Geothermal 
Development Sites in Tohoku District 














Devel t of the Kakkonda and Uenotai Geothermal 
Power Stations 


(1) Kakkonda Geothermal Power Station 


The development of this plant was originally planned by 
Japan Metals & Chemicals Co., Ltd. (JMC) in 1969, and 
Tohoku Electric Power joined the project in 1970. It is a 
joint project between these two companies with JMC 
undertaking the steam production and Tohoku Electric 
undertaking the power generation. 


This power station has the following distinctive features: 


1) The closed system for re-injection of high-temperature 
geothermal fluid is adopted. 


2) As this power plant is located within a national park, 
care is taken to preserve and maintain harmony with 
the natural landscape. Specifically, the main equip- 
ment has been housed in a building, and the area of 
the premises has been reduced with the adoption of a 
geothermal well base. 


3) Anti-corrosive material is employed inside the 
turbine. The cable coating material is sulfur resistant. 


4) The remote monitoring is carried out in Shizukuishi 
at a distance of around 23 kilometers, and the proce- 
dure to start or stop the plant is controlled from this 
power station. 
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This power station has operated for 16 years without 
major accident. The availability comes to 90 percent. 


(2) Uenotai Geothermal Power Station 


Dowa Mining Co., Ltd., the parent company of Akita 
Geothermal Energy Co. which conducted actual devel- 
opment, started the survey in 1971. Dowa Mining and 
Tohoku Electric Power started to carry out survey and 
study for joint development in 1981. The capacity was 
set at 27,500 kW on the basis of the evaluated geo- 
thermal reservoir. The final agreement of joint develop- 
ment was concluded in 1989, and after some procedures 
commercial operation started in March 1994. 


This power station has the following distinctive features. 


1) As the hot water to steam ratio in producing geo- 
thermal fluid is small, the equipment such as the 
separators and steam transport pipes are designed 
simply by using a single flashing cycle. 


2) The hot water in geothermal fluid and the drainage 
are all re-injected into the ground. 


3) As there are many protected forests and many 
climbing trails on Mt. Kurikoma and Mt. Oyasu 
around this power station, care is taken to preserve 
and maintain harmony with the natural landscape. 
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Specifically, the height of the cooling tower has been 
reduced, and the exterior of the main building 
housing the generation equipment has been made to 
look like a mountain cottage. 


4) To prevent any trouble caused by H,S gas, gas 
removal equipment has been set in the electric con- 
trol room and the monitoring is continuously carried 
out by a gas monitor system. 


5) The remote monitoring is carried out in Yuzawa City 
at a distance of around 3! kilometers, and the proce- 
dure to start or stop the plant is controlled from this 
power station. 


Development and Expansion of Plants 


The geothermal development method of Tohoku Electric 
Power is characterized by the joint project with the 
geothermal field developer taking charge of steam pro- 
duction. Development is accomplished in the three steps 
cited below, while evaluating geothermal reservoirs and 
economical feasibility. 


1. Establishment of a joint survey and study committee 
2. Signing of a contract for promoting the project 

3. Signing of the final agreement. 

The development plan is summarized in Table |. 





Table 1. Geothermal Development Schedule 


























Name (site) Output capacity (kW) Schedule (year, month) Developers of steam production plant 
Sumikawa GPS $0,000 EPDCC Mar 92 Mitsubishi Material 
(Kazuno, Akita Prefecture) Construction start, Apr 93 

Operation start, Mar 95 
Yanaizu Nishiyama GPS 65,000 EPDCC, Dec 92 Oku Aizu Geothermal 
(Yanaizu, Fukushima Prefecture) Construction start, Jun 93 

Operation start, May 95 
Kakkonda No. 2 GPS 30,000 EPDCC, Mar 93 Tohoku Geothermal Energy 
(Shizukui-shi, lwaite Prefecture) Construction start, Apr 94 

Operation start, Mar 93 
(1) Sumikawa Site (2) Yanaizu Nishiyama Site 


Mitsubishi Material Corp. (formerly Mitsubishi Metal 
Corp.) started the basic survey of Sumikawa together 
with Onuma Geothermal Power Station in 1965. The 
survey at Sumikawa was stepped up in 1974. Tohoku 
Electric Power joined the survey in 1985. Steam produc- 
tion of 420 t/h was confirmed using the simultaneous 
continuous steam production test with prospecting wells. 
The evaluation of steam production volume and esti- 
mated geothermal reservoir showed that power genera- 
tion of about 50,000 kW is possible. The basic contract 
was concluded and the application for the site of a 
geothermal power station was submitted to local author- 
ities in 1990. 

The development plan was approved by the Electric 
Power Development Coordination Council in spring of 
1992 after the due procedures of environmental assess- 
ment. Construction started in spring of 1993 with the 
scheduled start of operation in 1995. 


Oku Aizu Geothermal Co. and its parent company, 
Mitsui Mining Co., Ltd. started a basic survey of this 
area in 1974. A basic survey by the state took place in 
1976 and 1977, and the geothermal energy development 
promotion survey in 1982 and 1983. Oku Aizu Geo- 
thermal took over the survey and development in 1984 
based on previous results. 


Tohoku Electric Power and Oku Aizu Geothermal inau- 
gurated a joint survey in 1986. Steam production volume 
of 470 t/h was confirmed with tests using prospecting 
wells. Additional wells confirmed steam production 
capacity of 170 t/h, so that total steam production 
capacity comes to 640 t/h. This confirmed steam volume 
and the evaluation of geothermal reservoir led to the 
decision to set the unit capacity at 65,000 kW, the 
greatest in Japan. 
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The final agreement was signed in 1991 and was sub- 
mitted to local authorities. The plan was approved by the 
Electric Power Development Coordination Council in 
autumn of 1992 after the procedures of environmental 
assessment. Construction commenced in spring of 1993 
= the scheduled start of commercial operation in 
1995. 


(3) No. 2 Unit at Kakkonda 


The site is adjacent to the existing power station. Survey 
and study for expansion are being conducted by Tohoku 
Geothermal Energy Co., which undertakes actual devel- 
opment work, and its parent company, JMC. Steam 
production of 170 t/h was confirmed using prospecting 
wells. The evaluation of the deep-seated geothermal 
reservoir at a depth of 3,000m was conducted for the 
entire area. 


They next drilled deep prospecting wells for evaluation of 
deep-seated reservoir. Steam production of 150 t/h was 
confirmed using these deep wells, adding up to 320 t/h. 


This confirmed steam production capacity and the eval- 
uation of geothermal reservoir led to the decision to 
expand the power generation facilities by 30,000 kW. 
The final agreement was signed in 1992 and submitted to 
local authorities for approval. The plan was approved by 
the Electric Power Development Coordination Council 
in spring of 1993. Construction commenced in spring of 
tgs _ the scheduled start of commercial operation 
in 1996. 


For of the Global Environment and the 
Revi of Local Economies 


The development of renewable energy is coming into focus 
in connection with the global environment. Geothermal 
power generation is such energy. As stated above, our 
company is energetically promoting geothermal develop- 
ment at three sites with a total output capacity of 145,000 
kW. This project is expected to make a contribution, 
however slight, to improvement of the global environment. 
We also hope that the construction and operation of 
geothermal power stations will be a great stimulus to the 
revitalization of the local economies. 
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Kyushu Electric’s Geothermal Power Generation 
Projects 


430700361 JAPAN 21ST in English 1 Mar 95 pp 60-61 


[Article by Norihiko Oka, general manager, Thermal 
Power Department, Kyushu Electric Power Co., Inc.] 


[FBIS Transcribed Text] 


1. Foreword 

Geothermal power is a precious, purely domestic source 
of energy in Japan which is endowed with scanty energy 
resources. It is recoverable natural energy which will not 
be exhausted if utilized properly. Since it is a clean 
energy source, unlike fossil fuels which generate noxious 
gas, geothermal power may be called an environment- 
friendly energy. 

At present there are seven commercial geothermal power 
plants in six locations and seven private geothermal 
power plants in five locations in Japan with a total 
generating capacity of about 300MW. Eight plants in 
five locations are operating in Kyushu including Hatch- 
obaru Geothermal Power Plant, the largest in Japan. The 
total geothermal power generating capacity in Kyushu 
accounts for about 42 percent of that in the country. 
Following is a brief description of geothermal resources 
development by Kyushu Electric Power Co., Inc. 
(KEPCO). 


2. Present Situation of Geothermal Resources 
Development by KEPCO 

KEPCO is carrying out the development of geothermal 
resources in the framework of national electric power 
development from the standpoint of effective utilization 
and diversification of domestic energy resources. The 
development project covers all stages from resource 
surveys to construction and operation of power plants. 
Otake Geothermal Power Station, Japan's first commer- 
cial geothermal power plant with an output of 12,500 
kW, started operation in 1967. 


This success led to the construction of No. 1 Hatchobaru 
Plant, Japan’s first full-scale geothermal power plant in 
1977 (output: 23MW initially and SSMW after 1988) 
and No. 2 Hatchobaru plant in 1991 (SSMW). Both of 
them are operating normally at present (Table 1). 





Table 1. Geothermal Power Stations of Kyushu Electric Power Co. (KEPCO) 


























Rb abe Name of P/S Location Authorized vetpat (kW) Operation started 
KEPCO Otake Kokonoe-cho, Kusu-gun, 12,300 Aug 67 

No. | Hatchobaru saat $5,000 Jun 75 

No. 2 Hatchobaru $5,000 Jun 90 
Total 122,500 
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A joint development project is progressing at present in 
Yamakawa and Ogiri of Kagoshima Prefecture and Taki- 
gami of Oita Prefecture (three locations) with KEPCO 
taking charge of the power generation and the geothermal 
development companies taking charge of the steam supply. 


In addition, our companies were commissioned by NEDO 
(New Energy and Industrial Technology Development 
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Organization) to conduct a “Geothermal Resources 
t Promotion Survey” (Survey C) for eventual 

construction of geothermal plants in Shiratori Area, Ebino 

City, Miyazaki Prefecture. 

Following are general outlines of three locations in 

which KEPCO is conducting joint development 

(Table 2): 





Table 2. Locations of Geothermal Power Development 














Location Steam sector Power gemeration Outpat (kW) Construction start Operation start 

Yamagawa Kyushu Geothermal KEPCO 30,000 Sep 93 Mar 95 

Ogiri Nittetsu Kagoshima KEPCO 30,000 Nov 94 Mar 96 
Geothermal 

Takigami Idemitsu Oita Geothermal KEPCO 25,000 Mar 95 Nov 96 





























@ Geothermal Power Station 
© Locations of Geothermal Power 
Development 


® Location of Geothermal Resources 
Development Promotion Survey 














(1) Y wa Area (output: 30,000 kW; operation to 
start in March 1995) 


This area is located in Fushime, Yamagawa-cho, Ibus- 
uki-gun, Kagoshima Prefecture, on a flat site of about 
40m above sea level and surrounded by cultivated fields. 
The site constitutes an exception among Japan's 


geothermal power plants which are mostly located on 
mountainous terrains. Japan Petroleum Exploration 
Co., Ltd. (JAPEX) started a survey on geothermal 
resources in 1977 and conducted prospecting, drilling 
and production tests. JAPEX carried out simultaneous 
flow tests from six prospecting wells in March 1986 and 
Ty the presence of steam corresponding to about 
15, W. 


Based on submitted tests and simulation results, KEPCO 
estimated that the resources present in the area would 
suffice to maintain an output of 30,000 kW for more 
than 20 years. Based on this finding, KEPCO and 
JAPEX concluded in October 1988 the “Basic Agree- 
ment on Geothermal Power Generation Project in 
Fushime Area.” 


JAPEX founded Kyushu Geothermal Co. in December 
1988, from which moment the geothermal resources 
development project was taken over by the new com- 
pany. A demonstration test was carried out using nine 
wells in February 1990 to confirm the production of 
steam volume of 225 tons/h needed for an output of 
30,000 kW. A request for environment assessment was 
submitted to Kagoshima Prefecture and Yamagawa-cho 
in October 1990, and the assessment was conducted for 
one year. The results of the environment assessment 
were reported to the Agency of Natural Resources and 
Energy in June 1992 and the construction plan was 
submitted to Kagoshima Prefecture and Yamagawa-cho. 


In the meantime, Yamagawa-cho started acquiring the 
land needed for constructing the power plant and 
approved the ground leveling operation. The complete 
cooperation of the town is fully appreciated and is 
expected to serve as a model case for similar geothermal 
resources development projects in the future. 


The plan was approved by the Electric Power Develop- 
ment Coordination Council in December 1992. The 
construction office was built on site in April 1993 and 
the construction work was started in September and has 


been progressing. 
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The first steam was supplied for the turbine in December 
1994. The start of the commercial operation will be in 
March 1995. 


2) page Cnet SEO Gus ode & 


This area is located in hilly terrain of 700-900 meters in 
elevation on the border between Makisono-cho and 
Kurino-cho in the northeastern part of Kagoshima Pre- 
fecture and to the west of the Yirishima mountains. It is 
part of a national park. A survey was started here in 1973 
by Japan Steel Corp. and Nittetsu Mining Co. 


The flow test using four prospecting wells in 1987 
confirmed the presence of steam volume of 145 tons/h. A 
simulation proved the possibility of resources develop- 
ment corresponding to about 30,000 kW. 


These findings led to the conclusion of the “Basic 
Agreement on Geothermal Power Development Project 
in Ogiri Area” among KEPCO, Japan Steel Corp. and 
Nittetsu Mining in 1989. The joint construction project 
of a geothermal power plant thus got under way. 


Nittetsu Kagoshima Geothermal Co. was founded in 
1990 and took over the project of geothermal resources 
development from Japan Steel and Nittetsu Mining. A 
simultaneous flow test using 10 geothermal wells in 1991 
confirmed the presence of steam resources corre- 
sponding to about 30,000 kW, so that the request for 
environment assessment was submitted to two towns 
and the prefecture. The report on the environment 
assessment was submitted to the Agency of Natural 
Resources and Energy in June 1993 and was approved by 
the Electric Power Development Coordination Council 
in December 1993. The construction office was founded 
in February 1994 and the construction work is pro- 
gressing for the scheduled start of commercial operation 
in March 1996. 
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3 Area aw 
Oe iso 25,000 operation to start 


This area is located in mountainous terrain for 600-800 
meters in elevation in the west-central part of Oita 
Prefecture and to the east of Kokonoe-cho. A survey was 
started here in 1979 by Idemitsu Geothermal Co. Three 
flow tests and a simulation test conducted in the course 
of 1984 to 1987 corroborated the presence of steam 
corresponding to an output of about 25,000 kW, leading 
to the conclusion of the “Basic Agreement on Geo- 
thermal Power Generation Project in Takigami Area” 
between KEPCO and Idemitsu Geothermal Co. in 1991. 
The simultaneous flow test using 10 wells in 1991 
confirmed the steam corresponding to 25,000 kW, so 
that the request for environment assessment was sub- 
mitted to Oita Prefecture, Kokonoe-cho and Yufuin-cho 
in 1992. The report on environment assessment was 
submitted to the Agency of Natural Resources and 
Energy in February 1994 and the plan was set in the 
National Electric Power Development plan in July. 


The construction office was organized in October 1994. 


3. Conclusion 

Kyushu Electric Power is thus working energetically for 
the development of geothermal resources from the stand- 
point of effectively utilizing domestic energy and pro- 
tecting the global environment. However, current 
projects are based on the private sector, and future 
development should lay more emphasis on the cost 
reduction of energy resources. 


The cost reduction will be possible by the suitable and 
effective geothermal surveys before the decision of a drilling 
target and the reduction of the drilling cost. United efforts 
by the state and the private sector are indicated for this 
purpose. Under the circumstances, KEPCO intends to 
positively contribute to the development of geothermal 
resources. 
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portable 
ated in conjuction with a public service base station for 


frequencies 

tion method, we achieved a system capabie of being used 
for both private and public communications. Also, by 
means of reducing the costs of constructing and main- 
taining public base stations, and increasing the number 
of these stations in operation, we have made possible 
public communications with low-power consumption 
portable phones. | 

The PHS was first put into operation as an indoor cordless 
telephone system for home and office use in April 1994. 
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Portable station (PS) 
Figure 1. PHS architecture 





new telephone functions, this system can also be 
ee ne eee 
as 


system, which uses the PHS to realize tele- 
phone (voice), PC (data) and facsimile (image) commu- 
nications. It also talks about the PHS wireless modem 


which the system is comprised. 
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Boxed material indicates a wireless systcm 


Figure 2. Scope of Multimedia Wireless Communication System 





speeds possessed 
is i than conventional RS232-C modem commu- 
nications of between 2400-9600bps, and is therefore fast 


When it comes to where this system can be used, it 
differs decisively from conventional cordless phone sys- 
tems in that in addition to being used inside the home or 
office, it can be used outdoors as well via public base 
stations. This makes the PHS multimedia wireless com- 
munication system much more flexible than conven- 
tional LANs, which can only be used as dedicated indoor 
systems and dedicated cellular-based outdoor systems. 
This system is also expected to lower communication 
costs over those possible with ordinary outdoor cellular 
systems. 
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Figure 3. Configuration of PHS-based Multimedia Wireless Communication System 





2.1 System Configuration 

This section deals with the configuration of the PHS 
multimedia wireless communication system (See Figure 
3). The main components of this system are a “wireless 
modem card” that corresponds to a cordless telephone, 
and a “cell station for data communications.” 

The “wireless modem card” inserts into the card slot in 
notebook computers and PDAs. This wireless modem 
card integrates telephone, data communications and 
facsimile functions. Among these, the data communica- 
tions function incorporates both a modem-based PC 
communication function and a wireless LAN data com- 
munication function, thus making data communications 
possible both indoors and outdoors. The diverse func- 
tions possessed by this wireless modem card can be 
utilized by freely switching from one to the other using 
the notebook computer. 


In addition to a telephone switching function for 
changing from inside (extensions) to outside lines, the 
B+ ay cell station for data communications” also pro- 

vides 32kbps data and image switching functions for 
inside lines, plus in-band transmission modem and fac- 
simile communications functions via a telephone net- 
work accessed by outside lines. This data communica- 
tions cell station can control up to four communication 
channels. 


The above-described components of the PHS multi- 
media wireless communication system can be intercon- 
nected to existing LANs and integrated services digital 
networks (ISDN) via a “network connection device.” 
This network connection device makes it possible to 
access office computers as well as networks around the 
world via the Internet from a wireless terminal, such as a 
notebook PC. In other words, you'll be able to contruct a 
PHS-based multimedia wireless LAN system. 


Also, if public services get underway starting next year, 
then it will be possible to perform data and image 
communications from a wireless modem card-equipped 
notebook PC or PDA that you carry around with you 
outside. Now that will really be mobile computing. 


2.2 Characteristics 


Broadly speaking, the multimedia wireless communica- 
tion system possesses the four major characteristics 
outlined below. 


(1) Simaltaneoes Voice, Data and Image Communications 


Telephone conversations generally involve two people 
talking to one another. However, roughly 60 percent of 
all human conversation consists of silence. We have 
developed a new communication system capable of 
simultaneous voice and data communications over a 
single channel by making use of the intervals of silence 
interspersed in conversations. 


The PHS wireless access system utilizes a time division 
multiple access/time division duplex (TDMA/TDD) 
system that multiplexes four channels each up and down 
during a single 5-millisecond frame (See Figure 4). When 
using only voice communications (the telephone func- 
tion), voice is digitalized and sent in each slot using an 
adaptive differential pulse code modulation (ADPCM) 
technique. When voice and data communications are 
handled simultaneously, the system discriminates 
between nded voice signals for every 5ms 
of input, and inserts data into slots representing intervals 
of silence where voice signals are below a fixed level. We 
employed a channel identity (CI) domain in the PHS 
frame structure so that the information written into the 
slots can be categorized as to voice or data information 
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on a slot-by-slot basis. On the receiving side, the contents 
of each slot are determined using Cl, with voice informa- 
tion being sent to the ADPCM input and data information 
being sent to the terminal to which the wireless communi- 
cations card is connected. This is how we realized the 
simultaneous communication of voice and data using a 
single channel. 
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Figure 4. PHS Frame Structure and Voice/Data 
Multiplexing 





Because this approach to the simultaneous communication of 
voice and data makes use of intervals of silence in a conver- 
sation, there could be times when background noise makes it 

to detect an interval of silence. Therefore, in 
addition to that mode in which data is sent during intervals of 
silence, the system is also equipped with a data priority mode 
for sending data irrespective of silence or sound. The user can 


(2) PHS Wireless Data Communication System 


RCR-STD-28, the wireless communication standard for 
the PHS, stipulates the standard only for voice communi- 
cations; a data communications standard remains a stan- 
dardization task for the future. We have extended the link 
access procedure for digital cordless (LAPDC) protocol to 
develop a new data communications system that makes 
the most of the features of the PHS. 


Originally, LAPDC was stipulated as the link access 
procedure for the attendant control channels (SACCH, 
FACCH) in PHS. Using LAPDC as a base results in the 
following advantages: 

e Because it is a slot-oriented communication proce- 
dure, LAPDC is compatible with the above-described 
simultaneous communication system in which voice 
and data information are switched from slot to slot; 

¢ Because the slot calis for an out-band 
cyclic redundancy check (CRC), unnecessary infor- 
mation need not be attached for error detection 
purposes and throughput does not deteriorate; 
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e By using the voice communication control procedure 
and data communications procedure together, 
hardware and software revisions were held to the 
minimum. 


LAPDC is a communication procedure for control use, 
and as such is not that strict when it comes to transmis- 


e Since LAPDC error recovery is carried out only at 
checkpoint retransmission using parity field bits, 
error recovery cannot be achieved as soon as an 
abnormal frame is detected. We therefore defined an 
REJ frame (SREJ frame) so that an immediate 
a oo a ee ay oe 


. LABIEE tesnanititinn chadbe con chen ents canst out 
at the checkpoint using parity field bits, meaning that 


Sp Segeraneeies WED LAN, SESS and Cher Weed 
The network connection device makes it possible for the 


program interface (API) for PCs. 


interconnecting the PHS with an ISDN makes possible 
32kbps digital transmissions between remote wireless 
terminals located as far apart as Tokyo and Osaka. The 
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Figure 5. Integrated Mobility Management Between Telephone and Compater Networks 





(4) Telephonc/Competer lntegrated Mobility Management 
With portable telephones, the telephone number 


implifyi licated 
dures must be developed (See Figure 5). 
So there is no duplication of numbers in 
when subscribing to networks, we will provide for the 
automatic allocation of IP addresses and the portable 
station (PS) numbers used with the PHS. And by auto- 


We will integrate the location registration mechanism in 
the PHS with the IP address registration and manage- 
ment mechanisms in LAN systems to make mobility 
within PHS wireless zones and to LAN and other wired 
networks an automatic process. We will also take steps to 


numbers) so that data communications are not discon- 
nected following a location change. These measures will 
make computer communications possible even while 
moving. 


3. JEIDA/PCMCIA-based Wireless Modem Card 


A personal computer (PC) card, which looks like an 
oversized credit card, is a PC interface standard for use 


insertion in 54.0 x 85.6 x 10.5mm PC slot). This card is 
equipped with communications functions based on the 
RCR STD-28 PHS wireless communication system that 
enable bandwidth transmissions (FAX and PC commu- 
nications), wireless LAN communications (32kbps) and 
voice messaging (via an earphone/microphone device). 


3.1 Hardware 


This section describes the hardware configuration of the 
wireless modem card (See Figure 6). 


1) Digital Communication Controller 


The central processing unit (CPU) controls the wireless 
unit, the STD-28-based voice communications protocol, 
and retransmissions during wireless data communica- 
tions. A PC-card interface signal controller that supports 
JEIDA standards, and registers for initial card settings 
are also achieved via the PC interface. 


The dual-port RAM serves as a data transceiver buffer 
between PCs. 
2) Channel Codec 


The channel coder-decoder (codec) performs TDMA/ 
TDD control and x/4-shift quaternary phase-shift keying 
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Figure 6. Block Diagram of PHS Wireless Modem Card 





(QPSK) demodulation. It interfaces with the micropro- 
cessor unit (MPU) via a control register, and is linked to 
the voice codec by means of a 32kbps serial interface. 


The voice codec carries out coding and decoding in 
accordance with the International Telecommunications 
Union (ITU)-TG.721 ADPCM standard. 


3) Wireless Unit 


The wireless unit cross modulates signals generated by 
the modulator, converts them to 1.9GHz and transmits 
them. The signals it receives, it converts to intermediate 
frequencies and passes along to the demodulator built 
into the channel codec. 


4) Voice Band Modem 


The voice band modem modulates digital information 
received from a PC to voice band signals, then outputs 
these to the voice codec as analog signals. Conversely, it 
also demodulates analog signals to digital data. The 
voice band modem performs modulation-demodulation 
in accordance with the V.22bis standard for computer 
communications, and adheres to the V.27 and other 
similar standards for facsimile messaging. This modem 
also performs error correction (MNP class 4/10, V.42), 


data compression (MNP class 5, V.42bis) and controls 
Group 3 facsimile procedures. 


3.2 Software 


The software for the wireless modem card is based on the 
voice software for the PHS cordless phone, and was 
written by adding and/or modifying modules required 
for data communications. Figure 7 shows the software 
configurations for the PHS cordless phone and PHS 
wireless modem card. This section explains the modules 
added or modified to create this software. 


1) PC-Card Interface Module 


Applications that use the PHS wireless modem card 
reside in the PC in which this card is inserted. The 
PC-card interface module provides an interface to high- 
level PC applications, such as send/receive control com- 
mands, a wireless status report command, data transmit/ 
receive commands and modem control commands. This 
interface also interprets these commands as they are 
received from the PC, and distributes them out to the 
low-level modules. 


2) Call Control Module 


The RCR STD-28 standard only stipulates the call 
control protocol for voice communications, which meant 
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munications. The biggest task was expanding the soft- 
ware functions to enable data communications and 
facsimile messaging. 


Broadly speaking, the items required to enable the PHS 
cell station to handle data communications can be 
summed up in the following four points. 

1) Data Communications Call Contre! Fenction 

Similar to the wireless modem card, in order to realize 


The PHS multimedia wireless communication system is 
capable of receiving three types of communications, i.e. 


telephone (voice), PC modem (data) and facsimile. We, 
therefore, 


TELECOMMUNICATIONS ) 


compatibility with existing telephone functions, such as 
telephone answering and direct cali. 


sp Rneien Ge Caling OS ty Tipe of Sesening Col 


We have created a function which, after the above 
voice/data/FAX automated identification function dis- 
tinguishes what type of media is involved in an incoming 
call, calls only the PS that corresponds to the incoming 
call media. We have also developed a function for 
transferring to a different media, so that when, for 
instance, a user has finished talking on the cordiess 
ea a facsimile message on a different 


4) Measures for Dealing With Overiapping Calis 


With telephones, when outgoing and incoming calls 
accidently collide with one another, the call is connected. 
This doesn’t really cause a big problem since both parties 
are human beings, who will immediately realize what has 
happened. However, when a person’s call collides with 
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mail capabilities, electronic mail sent in text form can be 
converted to voice signals so the user can listen to the 
message telephonically. 


keg 

the PHS, which is expected to spread in future, is faced 
with the following two tasks. 

The first has to do with the importance of achieving 
interconnectability between and among the data comma- 
nication equipment that will be using the wireless commu- 
nication capabilities possessed by the PHS. This will 
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[Article by Megumu Sunagawa, professor at Nihon Uni- 
versity, Professor Emeritus at University of Tokyo: 
“Ceaseless Thoughts of the Past”’] 


(FBIS Translated Text] “Time flies,” which reminds me 
of the five axioms that were posted on the front of the 
study room in my old school: 


Learn to be truthful. 

Be proud of your words and deeds. 
Be strong and vigorous. 

Be hardworking. 

Avoid idleness and laziness. 


In those days, we would review our day based on these five 
axioms after our self-study session and revitalize our spirit. 
In retrospect, recently, I feel an inner shame. In spite of 
being a teacher for a long time, 1 had grown indifferent to 
my students’ feelings, sometimes taking the upper hand 
with them. For example, I have at times said that, “Your 
future is determined by many factors. Those that I partic- 
ularly want to stress are your natural inborn talent, the 
effort you make, and luck. I am sure each of you knows your 
own limits now that you are enrolled as a student of this 
school. Given an understanding of your limits, you should 
work hard. Then luck will definitely come your way. I am 
speaking from my own experience and am confident that it 
is correct and true. Please also note that these factors do not 
work as a sum but rather as a product.” Most students 
would listen to this with admiration. At times, I have 
smiled at myself upon hearing our average students who are 
working hard after they had graduated although they have 
made me review my lectures to confirm that they were 
appropriate after scanning their answers to test questions. 


Here are some requests I would like to propose to the 
Japan Defense Agency and the Defense Technology 
Foundation: 


(1) Intelligence gathering satellites: Let us develop them 
ourselves and have complete independence in its 
operation. I have beer stressing this issue for a long 
time but have not received much positive support. 
AWACS is also important in defense strategy. 
Stressing the importance of gathering more accurate 
intelligence will be the key factor determining our 
long-term defense sirategies, not to mention the 
painful experience of the Second World War. The 
basic principle of our nation’s space development 
program is the “peaceful use of outer space,” but 
intelligence gathering satellites will ensure peace and 
security for our nation. I am confident that even the 
coalition government, which approves of AWACS, 
will not refute this. 


(2) I propose that we use the actual records of our 
“defense technologies” compiled since the war. All 
kinds of articles are dispersed all ove: the place, and 
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the compilation of such records may already be in 
progress somewhere. But all the records have to be 
gathered into one volume and published as a legacy 
for our later generations. It is now almost 50 years 
since the Second World War. It is now more than 40 
years since airraft-related R&D, once prohibited, 
was resumed. I urge you to execute this while the 
valuable data resulting from the efforts of govern- 
ment and industry are still intact (i.e. before the 
memories of those who were in charge disappear). 
Considering, for example, the current situation in 
which nearly none of those involved in developing 
the T-1 is still working in the field, I wish to stress 
this point. 

(3) Although the next proposal is not directly related to 
defense technology, concerning as it does the survey 
on developing a small-scale civil transport aircraft, I 
would like to ask the corporate managers involved to 
work hard to make this a reality. Due in part to the 
blank period on orders of the Occupation forces, the 
present foundation of our aircraft technology and 
industry is not on a par with that of Europe and the 
United States. As already mentioned, improving our 
aircraft industry is vital not only for the effective 
defense of our nation. I believe it will also be crucial 
for guaranteeing our nation’s security. I have been 
involved with research and education in our aircraft 
industry, a knowledge-intensive and wide-ranging 
industry. It affects and is affected by the technology 
in many areas, strongly contributing to the public 
welfare and defense. It also plays an important role 
in the distribution of responsibilities in international 
cooperation within the foreign community through 
international joint development programs. 


I believe that developing new technology requires a 
balanced combination of organization, human resources, 
and capital. I hear that there are many excellent people 
in the Defense Agency and related industries. I hope 
that, with the understanding of the financial authorities, 
there will be continued efforts to upgrade the quality and 
quantity of our defense capabilities. 


It goes without saying that our nation’s peace and 
security are the responsibility of each citizen. Every one 
of us should carry out his respective obligations. The 
words “we are all brothers” or “peace on earth”’ will ring 
hollow if we do not love our own country. It should be 
especially noted that our nation has not been involved in 
a war in 50 years. We have been endowed with peace but 
on the other har.d, there is also an increase in peaceful 
complacency. Some of my close friends, who should be 
enjoying the autumn of their lives, lost them in a blink of 
an eye in the southwest Pacific or at Nagasaki. At times 
my thoughts of the past become ceaseless and J cannot 
help but linger on memories of those long gone. 


I fervently pray for the well being of the world’s most 
safe and peaceful nation. 


Thank you. 
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Company Executive on Inspiration for Defense 
Technology 


946C3818B Tokyo BOEI GIJUTSU JANARU 
in Japanese Jun 94 pp 2-3 


[Article by Takeshi Abe, president, Mitsubishi Precision 
Co.: “Technicians and Dreams”’] 


(FBIS Translated Text] People dream. The impossible in 
the real world can be achieved in our dreams. 


Engineers dream about technical innovations in their 
own fields of expertise. We often wish for things but 
hesitate to take that first step, or falter immediately after 
starting a project. 


All successes in the development of innovative tech- 
nology have something in common. To a non-engineer, 
this may appear to be an unusually deep sense of 
perseverance and strength of will. 


Success comes as a result of steadfast and continuous 
pursuit of a certain theme by those who persevere with 
relentless willpower. 


The Kamakura Works of Mitsubishi Electric Corpora- 
tion has recently reported the successful completion of a 
prototype on-board fire control system (FCS) for the 
next-generation fighter support aircraft (FS-X). 


This is a digital radar employing the world’s latest active 
phased array technology. The first thing that came to my 
mind when I heard this piece of news was that an 
engineer's dream had finally come true. Long years of 
work and research whirl through my mind like images in 
a kaleidoscope. 


If 1 remember, the story goes back nearly 30 years to the 
early 1960s. In response to an inquiry from the Air Staff 
Office on “the future look of FCS,” a young engineer 
predicted that “active phased array radar will become 
the mainstream for FCS.” At that time, when digital 
computers were just emerging and semiconductors and 
LSIs had not yet appeared, his talk was from the world of 
dreams. 


Electronic technology improved by leaps and bounds 
around 1969. It was then that we re-investigated the idea 
and began feasibility studies. A prototype experimental 
device was created in Lab | (our name in those days) and 
began gathering all sorts of data from tests, including 
outdoor tests. These data were analyzed and the conclu- 
sion reached was that the concept was theoretically 
feasible but everyone involved unanimously agreed that 
unless there was some form of technical breakthrough, 
the device would be impossible to create because of the 
large size of both the active module which is the key 
component and the computer which is the brain of the 
system. 


However, a decade later, high-frequency semiconductors 
like gallium arsenide were developed and both com- 
puters and LSIs not only rapidly improved (in perfor- 
mance) but also became much smaller. This factor sig- 
nificantly improved the chances of realizing the active 
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phased array FCS. After much heated arguments, this 
finally became a research project at our R&D Headquar- 
ters in 1979. Basic tests were conducted and, after much 
hard work, a prototype was finally completed and loaded 
onto a testbed for flight test data collection for the first 
time in the world. We had thus taken the first step 
towards the realization of the device. 


The device then became caught up in U.S.-Japan trade 
friction, becoming a major political issue. Even joint 
U.S.-Japan development of the FS-X, the technology was 
recognized as leading the world and derived by Japan 
alone. There was also the decision to adopt it as the FCS 
for the FS-X. We have now reached its completion. 


This effort is a realization of an engineer’s dream of 
more than 30 years ago. It was made possible through the 
endeavors and support of an innumerable number of 
engineers and other staff as well as their succeeding 
generations. I believe that the dream was realized as the 
result of the union of the government and private sectors 
as i as the strong will and determination of those 
involved. 


It is often said that the only way for Japan, a nation with 
few natural resources but one that has become an eco- 
nomic power, to both survive into the 21st century while 
under pressure from the advanced nations and pursued 
by the developing nations and to maintain its peace and 
security is to become a nation based on technology. 


In order to do this, we have to apply ourselves at the 
national level to undertake research and development, 
thereby developing original technology without rival. 


Our young engineers should look at least 30 to 50 years 
into the future, dream of the technology necessary for 
that time, aim to develop it, and strive to act. That is my 
fervent request. 


Current Status and Future Prospect for FSX 


95FE0239A Tokyo NIKKEI SAANGYO SHIMBUN 
in Japanese 25 Jan 95 p 12 


[Interview with Yoshihira Masuda, head of the Defense 
Agency's Bureau of Equipment, by Kazufumi Takahashi 
of the NIKKEI SANGYO SHIMBUN; place and date 
not given] 


{[FBIS Translated Text] A prototype of the Defense 
Agency’s next-generation experimental fighter support, 
the FSX, has just been completed, and the aircraft 
manufacturing industry is now looking ahead to putting 
the aircraft into production sometime after 1996 as part 
of a Defense Agency program to build a next-generation 
defense force. There are still a number of problems that 
must be resolved, however, before this can happen 
including concluding another MOU (memorandum of 
understanding) with the United States. The NIKKEI 
SANGYO SHIMBUN asked Yoshihira Masuda, head of 
the Defense Agency's Bureau of Equipment, about the 
current status and outlook for the FSX Project. 
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{NIKKEI} What problems still remain to be solved 
before the FSX can be put into production? 


[Masuda] I'd like to preface that by saying that at the 
present time, which is the midway point in the develop- 
ment of the FSX, that a formal decision has not been 
made on whether to begin manufacturing the FSX. This 
has to do with the practical matter that 40 percent of the 
manufacturing work will be shouldered by U.S. compa- 
nies based on the Matsunaga-Baker understanding in 
1989 whereby American companies would assume a 40 
percent share of the work when the FSX is put into 


production. 


[NIKKEI] Briefly, when you say 40 percent, what is that 
based on? 


[Masuda] If we decide to put the FSX into production, 
the determination regarding the share of production will 
be settled in future talks between the United States and 
Japan. The aircraft will be in use for the next 20 years, so 
issues having to do with who is responsible for spare 
parts, for example, will have to be settled when dis- 
cussing the share of production work. The real problem 
lies in the fact that it is almost impossible beforehand to 
determine the total amount of spare parts that will be 
needed, not to mention other problems having to do with 
the budgeting system used in Japan. This will mean 
finding a way in talks with the United States that strictly 


conforms to Japan’s budgeting system. 


[NIKKEI] What role will cost management play if you 
decide to put the FSX into production? 


[Masuda] In procuring equipment for the plane, it will be 
essential to closely monitor the costs of contractors 
supplying the equipment. There may be differences, 
however, in the calculations methods used by the United 
States and Japan. We are currently doing a study on the 
type of calculation methods used in the United States. 
One of the problems that must be addressed will be the 
estimates on building the airframe of the FSX. 


{NIKKEI} The FSX had created some political problems 
between the United States and Japan when it was first 
being developed, but those problems have been pretty 
much laid to rest in the course of developing the plane, 
haven't they? 


[Masuda] Initially, we sought to develop the FSX 
entirely on our own, but have since revised our thinking 
and have returned to a modified version of the F16 
fighter made in the United States. I think that this had to 
do with taking a realistic assessment during the develop- 
ment of the plane with Japan’s international standing. 
Since then, there has been a deepening of mutual coop- 
eration between defense authorities and defense-related 
companies in the United States and Japan. 


[NIKKEI] If a decision is made to put the FSX into 
production, you cannot expect increases in spending for 
this type of equipment as there was during the days of 
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the Cold War. Hasn't the aircraft manufacturing 
industry been greatly affected by this? 


[Masuda] There has been a lot of concern voiced by the 
aircraft industry about the technology base drying up. 
But merely saying that this is due to limited budgets 
lacks persuasiveness. We have to determine what prob- 
lems will result when budgets are sliced. It is essential 
then that measures be drafted based on that data. 


{NIKKE]] Is the aircraft industry taking any measures to 
strengthen its relations with the private sector such as 
commercial aircraft? 


[Masuda] If defense spending is cut and plant operations 
are reduced, there are theoretically only two options 
available for the defense-related companies. The first is 
to increase the amount of work done in the private 
sector. The second is a restructuring of companies 
including personnel changes. No matter which course is 
chosen, companies will be left to decide for themselves 
what the best course of action is. 


{NIKKE]] In the United States, the defense industry has 
undergone rapid restructuring including joint ventures 
involving defense- and aircraft-related companies. Don’t 
you think something like that would be almost impos- 
sible in Japan? 


[Masuda] Japan aircraft manufacturers are not special- 
ized companies. Most of these companies manufacture 
aircraft as part of general heavy industrial manufac- 
turing. I don’t think that you can necessarily equate how 
these companies operate with how aircraft manufac- 

turing companies in the United States operate. . 


Observations of Interviewing Reporter 


The FSX has successfully completed development of a 
prototype aircraft. The interest of aircraft manufacturers 
has already shifted toward production of the aircraft. 
There is some fear among aircraft manufacturers that the 
end of the Cold War means a reduction in the number of 
aircraft to be manufactured from 130 that were initially 
ordered to a new level of 70 aircraft. Companies are 
concerned with which direction the government will take 
on the number of planes to be manufactured because this 
will have a direct impact on plant operation levels. 


Once a budget is decided on the amount to spend on 
production of the FSX in FY 96, there will not be much 
time remaining in negotiations with the United States. 
There is bilateral agreement between the U.S. and Japan 
aircraft industries to get off to an early start on manu- 
facturing the jets within the defense budget cuts. On the 
other hand, there are companies that want to make 
conditions as advantageous as possible for Japan. It 
appears the complex maneuvering will continue until the 
FY96 budget has been decided. 
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Editorial: What Is To Be Expected From FSX 
Development 

95FE0239B Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 23 Jan 95 p 2 


[FBIS Translated Text] A prototype of the Defense 
Agency’s experimental fighter support aircraft, the FSX, 
has been successfully completed in which Mitsubishi 
Heavy Industries played a key role as system integrator. 
The FSX project, a joint U.S.-Japan undertaking, had 
showed some signs initially of high-tech friction between 
the two countries. There has been a great deal of change 
in the international climate from the time the FSX first 
began development, and the manufacturing industry can 
no longer expect to be manufacturing the aircraft at the 
levels once expected. The technological benefits accrued 
in developing the FSX, however, should provide a foun- 
dation for aerospace development which will be one of 
the key industrial sectors in Japan of the 21st century. 
From that standpoint, the Defense Agency, Ministry of 
International Trade and Industry, and Science and Tech- 
nology Agency should be working together to expedite 
development of such new large-scale projects under 
Japanese initiative. 


The FSX was the culmination of aircraft development in 
Japan in the 1980s. The original aim was to build the 
FSX entirely with advanced technologies which Japan is 
known for including composite materials, active phased- 
array radar, advanced high-speed computers, and iner- 
tial navigation system using ring laser gyroscopes. In the 
end, however, Japan did not have the capability to 
independently develop the jet engines with after-burners, 
which is the heart of the plane, and under strong pressure 
from the United States, the project turned into a joint 
U.S.-Japan project modeled after the F16. This was the 
first case of its kind in the annals of aircraft development 
in Japan. 


During that time, Lockheed took over from General 
Dynamics as the manufacturer of the F16 and the 
development cost of the plane rose from an initial price 
of ¥ 165 million to ¥ 320 million. The fact that the cost 
of the FSX has ended up costing much more than if 
Japan had developed it on its own, despite the fact the 
main wings are now integrated and the plane is fully 
computerized, only goes to prove that the FSX did not 
become any less expensive because it was modeled after 
the F-16. The FSX will go into production next year 
[1996], but due to the military situation in the world 
which seems to favor missiles over fighter jets, there will 
probably be a need for no more than 100 of the planes to 
succeed the F16. 


The work which Mitsubishi Heavy Industries has done 
could be considered nothing short of miraculous for 
others in the aircraft industry given the fact that the 
United States will be assuming 40 percent of the produc- 
tion work. There is no question that the advanced 
equipment committed to this project and the technolo- 
gies for integrating these systems together will breathe 
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new life into future space development technologies. The 
2ist century is going to be a time of even fiercer 
competition among countries vying for the technological 
lead in aircraft and space development technologies. In 
terms of individual technologies, the Japanese aircraft 
industry has many of the best technologies in the world, 
but it still must raise the level of overall technology even 
— and learn a lesson from the development of the 
X. 


Problems Piled for FSX Mass Production 


95FE0239C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 13 Jan 95 p 10 


[FBIS Translated Text] A ceremony was held at Mitsub- 
ishi Heavy Industries (Komaki Minami Plant) on 12 
January to celebrate the completion of a prototype of the 
FSX experimental fighter support jet aircraft developed 
jointly by the United States and Japan. For the aircraft 
and defense industries of Japan which have been 
anguishing over budget cuts in defense spending and 
reduced plant operations, this comes as a welcome 
surprise that should carry them into the early part of the 
2ist century, and that satisfaction was evident in the 
expressions of the executives taking part in the cere- 
mony. In the back of their minds, however, things are a 
little bit different as they consider the uncertainties of 
the future. There are still a great deal of uncertainties 
that lie ahead for the FSX. 


One defense-related company executive participating in 
the ceremonies grumbled that negotiations could finally 
get underway with the United States over production of 
the new jet. The decision to model the FSX after the 
Lockheed F 16 jet fighter was made in the fall of 1987. In 
January 1988, the U.S. and Japanese governments 
exchanged official papers and concluded a memo- 
randum of understanding (MOU). According to that 
agreement, the United States and Japan started jointly 
developing the aircraft on the basis of a 60/40 work share 
arrangement in which the United States assumed 40 
percent of the work load. Another MOU is to be con- 
cluded concerning the work share when the FSX goes 
into production. 


Completing the prototype stage has laid the groundwork 
for MOU negotiations on the production phase. It seems 
a practical matter that the share of production work will 
follow the percentages used in the developmental stage, 
which means that the work will be divided on a 60/40 
basis between Japan and the United States. The situation 
in the world, however, is completely different from the 
days when the FSX first started development. 


The number of FSX fighters to be manufactured was 
initially estimated by the Defense Agency to be around 
130 when the jet first began development. That figure 
was later revised to 70-80 jet aircraft in light of the end 
of the Cold War according to a representative of an 
aircraft manufacturer. If that figure is reduced to 70 
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aircraft, for example, the United States will supply parts 
equivalent to no more than 40 percent of the 70 FSX jet 


The aircraft and defense industries in the United States 
are themselves going through hard times coping with 
reductions in defense spending. If the amount of work on 
the FSX is significantly reduced from what had been 
originally planned, there is also the possibility of dissat- 
isfaction among those interests. That dissatisfaction may 
produce external repercussions in places such as the 
United States. In actuality, a retired official of the 
Defense Agency meeting with an executive from the 
Lockheed Corp. in January of last year testified that that 
executive had asked him if he knew what the exact 
number of FSX jets to be manufactured was going to be. 


It goes without saying that the number of FSX jets to be 
manufactured is also a major problem for the defense 
industry in Japan. An executive of one of the parts 
manufacturers said that even if the FSX is put into 
production it will not even amount to half the contract 
received for the F15 fighter and the P3C anti-submarine 
aircraft. He also said that if the number of aircraft is 
significantly reduced that it will become extremely dif- 
ficult to maintain a technology and manufacturing base. 


The number of jet aircraft to be manufactured also 
affects the manufacturing cost per aircraft. If a factory 
line is kept in operation for a long time to manufacture 
parts for no more than 70 FSX jet aircraft, manufac- 
turing costs are naturally going to jump sharply. It is only 
natural in the case of U.S. companies that all increases in 
cost will be reflected in the cost of the parts. If the cost of 
the airframe rises, for example, it could further reduce 
the number of aircraft to be manufactured and push the 
whole thing into a vicious circle. 


An official of the Defense Agency revealed that the FSX 
was strictly a fighter support aircraft and that it could not 
budget amounts for the FSX that exceeded the cost of an 
advanced F15 main fighter jet which costs approxi- 
mately ¥ 1 billion per jet. A study is being done by the 
Defense Agency to increase the number of FSX manu- 
factured by having them replace T2 advanced training 
aircraft. 


It is generally possible to get an idea of the main weapons 
to be purchased by the Defense Agency by studying the 
mid-term defense force procurement plan which is essen- 
tially based on a report called the Defense Plan Outline. 
That outline is currently being revised, however, and 
there are a lot of areas concerning next-generation 
defense after 1996 that are unclear. From that report, it 
is clear that negotiations with the United States with the 
aim of determining the amount to be budgeted for the 
FSX starting in 1996 are extremely important. 


The FSX will be a critical test that will determine the 
manner in which Japan-U.S. cooperation is handled in 
the defense field. The United States is not only 
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requesting financial cooperation but technical coopera- 
tion from Japan as well in the idea of a theater missile 
defense (TMD). If bilateral understanding between the 
two countries deepens through the FSX, then there is the 
possibility of a second and third project emerging. If, on 
the other hand, production of the FSX should be held up, 
it will certainly cause incalculable damage to Japan-U.S. 
relations. 

As military weapons become more rapidly high-tech, we 
see a steady increase in developmental costs. In light of 
arms reductions, it is only natural that allies of Japan are 
weighing their interests and experimenting with arms 
technology exchanges and joint developments. There are 
still a lot of difficult problems that must be solved before 
the FSX can be put into production, but the process of 
going through and solving those problems should further 
serve to strengthen the security system between the 
United States and Japan. 


First FSX Rollout by MHI 


95FE0239D Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 13 Jan 95 p 14 


[FBIS Translated Text] Mitsubishi Heavy Industries 
held a roll-out ceremony on 12 January at its Komaki- 
Minami Plant in Kasugai-gun, Aichi Prefecture to cele- 
brate completion of the first prototype of the FSX 
experimental fighter support jet aircraft which was 
developed for the Air Self-Defense Force. The ceremony 
saw a turnout of some 300 people including the Director- 
General of the Defense Agency, officials from the Amer- 
ican Embassy, representatives from the Lockheed Corp. 
and General Electric (GE), and a host of other partici- 
pants from the United States and Japan. The president 
of Mitsubishi Heavy Industries, Kentaro Aikawa, said 
that the FSX was the first real joint development 
involving bilateral cooperation between the United 
States and Japan and expressed his thanks to the many 
people who took part in the project. He greeted those in 
attendance by saying that he felt a sense of pride and 
responsibility and would do his best to insure that the 
turnover of the aircraft to the Defense Agency went as 
smoothly as possible. 


The FSX, which is modeled after the F16C fighter of the 
United States and combines technologies from both the 
United States and Japan, started being researched in 
1988 and was developed at a total cost of ¥ 27.4 billion. 
After the roll-out, it will make a maiden flight in the 
summer of this year and be delivered to the Defense 
Agency sometime next year. 


FSX Second Round Toward Mass Production 


95FE0239E Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 13 Jan 95 p 14 


[FBIS Translated Text] The FSX, an experimental 
fighter support jet aircraft developed jointly by the 
United States and Japan, has made it through the first 
round of R&D with the roll-out of a prototype jet, but 
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now must enter a second round of development with an 
eye toward mass production of the jet which is the next 
step in the process. The end of the Cold War has brought 
with it cuts in defense spending for both the United 
States and Japan, and this will certainly mean a reduc- 
tion in the number of FSX to be manufactured from 
what had been originally forecast. The defense industry, 
which wants to find a way out of the dilemma regarding 
production of the FSX, is turning its attention toward 
future negotiations between the United States and 
Japan to determine the work share arrangement in 
manufacturing the jet. 


The FSX, which will replace the current F-1 fighter, 
started in with R&D in 1988. The F-1 fighter, of which 
there are 70 now in service, will be gradually mothballed 
and retired at the latter half of the decade. The United 
States and Japan have joined hands to develop the FSX 
in order to replace these aircraft and to raise perfor- 
mance such as flying capability. Initially, the U.S. and 
Japanese governments agreed orally to divide the pro- 
duction work in manufacturing the FSX along the lines 
of a 60/40 arrangement in favor of Japan. 


At that time, the cost per airplane was based on a fixed 
number of aircraft in order that such things as cost 
effectiveness could be calculated. When additional 
training aircraft were included as stipulated in related 
clauses and changes in the military environment were 
taken into account, the total number of aircraft needed 
seemed to point to somewhere between 100-130 FSX 
fighters. All that has completely changed, however, in 
light of the post Cold War situation. The issue of how 
many FSX to manufacture became the main issue of 
conversation at a meeting held last year to discuss 
defense-related problems. It was suggested at that time 
that there should be cuts in the number of aircraft to be 
manufactured. 


According to Defense Agency plans, the FSX will go into 
production in 1996 and will be deployed and put into 
service starting in the year 2000. For that reason, the 
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Defense Agency wants a decision on the number of FSX 
to be manufactured by the summer of 1995 so that it can 
put rough estimates into the 1996 budget which is the 
start of its next-generation defense force plan. While 
work is being done within the agency, informal talks are 
also beginning with the United States on coming to some 
agreement on the share of production work. Recently, 
some Defense Agency officials were heard to be saying 
that 100 aircraft was out of the question and that the 
number was more likely to be around 70. 


The fact of the matter is that changes in the international 
climate in the area of defense and a tight financial 
situation have come to dominate the way in which the 
direction of spending cuts is taking. 

If the number of aircraft is reduced, however, it will also 
raise the cost per aircraft including R&D cost. Being a 
joint project, Japan has agreed to share 40 percent of the 
production work with another country, the United 
States, which itself is strapped with defense companies 
hurt by cuts in military spending, and if orders from 
Japan were to be cut, Japan would more than likely press 
to find ways to rectify the situation. The idea is being 
floated around now that the number of FSX to be 
manufactured could rise to 110 if the FSX were to be 
used as replacement for F-1 fighters and a modified 
version were used as replacement for 81 T-2 advanced 
training aircraft which are being mothballed. That would 
eliminate the need to develop a new aircraft to replace 
the T-2, and would enable manufacturing cost to be 


With the lack of clarity and instability in the interna- 
tional environment from a military standpoint, the 
Defense Agency says it wants to maintain a minimum 
production base for the defense industry. 


There are still political negotiations that lie ahead with 
the United States on the FSX. Now that the roll-out of 
the FSX has been completed without any hitches, some 
very hard choices are waiting ahead in the second round 
of hurdles. 
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